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ABSTRACT 
Pulses form an integral part of the vegetable diet in the Indian 
subcontinent. India is the major pulse growing country of the world accounting 
roughly for one-third of the total world area under pluses and one-fourth of the 
total world production. Pulses play an important role in the human diet of our 
country as a source of protein. Because of their high protein content, which 
varies from 20-30% and is almost three times more than that of cereals, pulses 
form an essential supplement of cereal based diet. Pulse proteins are rich in 
lysine and poor in sulphur-containing amino acid i.e., a reverse of cereal 
proteins. 
The faba bean is one of the oldest crops known by man and used as a 
source of protein and carbohydrate for both human and the animals. Its critical 
role in crop rotation in reducing energy cost, improving physical conditions of 
soil and decreasing the diseases and weed population has long been recognized. 
It is cultivated as a vegetable and used green or dried, fresh or canned and for 
stock feed. Feeding value of broad beans is highly considered in some areas 
superior to field peas or other legumes. Faba bean is used a human food in 
developing countries and as animal feed, mainly for pigs, horses, poultry and 
pigeons in industrialized countries. It is common breakfast food in the Middle 
East, Mediterranean region, China and Ethiopia. The most popular dishes of 
faba bean are Medamis (stewed beans), Falafel (deep dried cotytedon paste 
with some vegetables and spices), Bissara (Cotyledon paste poured onto plates) 
and Nabet soup (boiled germinated beans). Roasted seeds are eaten like peanuts 
in India. 
Mutagenesis is the most important method of inducing alterations by 
mutagens in a genotype to enlarge the variability of quantitative characters in 
shortest possible time and provide good scope for selection. It is considered 
that induced mutations are an alternative to naturally occurring variations, as 
the source of germplasm for plant improvement programmes and as an 
alternative to hybridization and recombination in plant breeding. Induced 
mutation is the best method to evolve new cultivars by producing genetic 
variability at gene level. It is an effective tool in hands of plant breeders 
especially in crops having narrow genetic base. Many mutants have been 
identified as donors of desirable traits in breeding programmes. 
The present investigation was carried out to study the mutagenic effects 
of ethyl methane sulphonate, gamma rays, methyl methane sulphonate and their 
combination in two varieties of broad bean {Viciafaba L.) viz., var. minor and 
var. major. 
The mutagenic effect was studied on seed germination, seedling height, 
plant survival, pollen fertility in Mi and M2 generations. The various 
quantitative characters such as days to flowering, number of flowers per plant, 
days to maturity, plant height (cm), number of fertile branches per plant, 
number of pods per plant, number of seeds per pod, mean pod length (cm), 
mean pod girth (cm), 100-seed weight, total yield per plant and number of 
leaves per plant were studied in M|, M2 and M3 generations. Besides, 
cytological investigation was carried out to assess the comparative effect of 
physical and chemical mutagens, separately as well as in combination. 
The extent and nature of injury in Mi and M2 generations varied with the 
varieties, mutagens and their doses/concentrations. Seed germination, seedling 
growth, plant survival and pollen fertility decreased with an increase in 
mutagenic treatment both in Mi and M2 generations. Chromosomal aberrations 
showed dose dependent increase with mutagenic treatments. The chromosomal 
aberrations induced by EMS, gamma rays, MMS and their combination 
treatments were univalents, multivalents, stickiness, precocious separation of 
bivalents, disturbed metaphase and fragments at metaphasc-1/II. The induced 
chromosomal aberrations at anaphase-l/U were bridges with or without 
fragments, laggards, disturbed anaphase, unequal separation and non-
disjunction. The induced chromosomal aberrations at telophase-I/II were 
disturbed polarity, micronuclei, multinucleate condition and cytomixis. The 
end product of meiosis was triads, pentads and hexads along with tetrads. The 
frequency of chromosomal aberrations was more at metaphase stages followed 
by anaphase and telophase stages. Chromosomal aberrations were same in Mi, 
M2 and M3 generations, but their frequencies were lesser in M2 than Mi and in 
M3 lesser than M2. The chiasma frequency showed more reduction in 
combination treatments than the individual mutagenic treatments. The order of 
potentiality of mutagens to cause reduction in chiasma frequency was y-
rays+MMS>Y-rays+EMS>MMS>y-rays>EMS in both the varieties. In general, 
the variety minor was highly sensitive as compared to the var. major. 
Studies on various quantitative parameters revealed the general 
effectiveness of higher treatments and stimulatory effect of lower and 
intermediate treatments. The coefficient of variation was high among the 
treated populations as compared to controls in all the yield contributing 
characters. 
A wide spectrum of chlorophyll and viable morphological mutants were 
isolated in M2 generation. Lower and intermediate doses/concentrations of 
EMS, gamma rays, MMS and their combination mutagenic treatments induced 
maximum frequency of mutations as compared to higher treatments. Frequency 
of chlorina mutants was highest followed by xantha and albina in both the 
varieties of broad bean. No dose dependent increase was observed for 
chlorophyll and viable mutation frequency. The var. minor showed more 
chlorophyll mutations than var. major. The mutagenic effectiveness measured 
on the basis of frequency of chlorophyll mutations divided by dose of the 
mutagen revealed MMS to be most effective followed by gamma rays in 
combination with MMS and ES in causing mutations. Gamma rays and gamma 
rays in combination with EMS were least effective in this regard. The 
mutagenic efficiency was calculated on the basis of inhibition in seed 
germination (MF/R), seedling injury (MF/I), lethality (MF/L), sterility (MF/S) 
and meiotic abnormalities (MF/M). Lethality (MF/L) was generally high 
followed by meiotic abnormalities (MF/M) and sterility (MF/S). Intermediate 
and lower doses of EMS, gamma rays and MMS treatments were most efficient 
on the basis of all criteria used. The interaction coefficient (K) of combination 
treatments for various biological parameters in M] and chlorophyll mutation 
frequency in M2 revealed less than additive effects. However, synergistic or 
additive effects were also obtained in some combinations. 
The most promising and striking mutants were tall, dwarf, semi-dwarf, 
mutants with broad leaves, more foliage, big flowers, more number of flowers, 
elongated pods, broader pods, giant seeds, bold seeds, black bold seeds, brown 
small seeds and small seed with normal colour (grey). The morphological 
mutants with agronomically desirable features could be utilized for further 
improvement of this crop. Maximum frequency of morphological mutants 
exhibiting altered morphological features were isolated in combination 
treatments of gamma rays and EMS in both the varieties. Some fascinating 
mutants such as closed flower mutants and desynaptic mutants were isolated. 
Their detailed cytomorphological investigations were carried out and the 
causes and consequences of mutations were discussed. 
The mutants isolated both in M2 and M3 generations showed significant 
improvement in yield and yield contributing characters. The increase in mean 
values was accompanied with an increase in genetic parameters. This increase 
in number of pods per plant, pod length, pod girth, seeds per pod and 100-seed 
weight played significant role in boosting the total yield per plant in treated 
populations and isolated mutants. The estimates of genotypic coefficient of 
variation (GCV), heritability (broad sense) and genetic advance (GA) was high 
in treated populations as compared to controls in the M2 generation. All these 
genetic parameters increased further in M3 for yield and yield contributing 
traits. This indicated that these characters could be transmitted to future 
generations and will be of much importance for improvement of Viciafaba L. 
varieties. The protein content increased significantly in the isolated mutant 
lines, whereas, a significant decrease was also noticed in others. 
In general, lower and intermediate treatments of EMS, gamma rays, 
MMS and their combination treatments induced greater variability and proved 
to be more effective and efficient than the higher treatments. The present 
findings lead to the following conclusions: 
> The two varieties of broad bean viz., var. minor and var. major required 
low and intermediate treatments of EMS (below 0.3%), MMS (below 
0.03%) and gamma rays (below 30kR) and their combination to induce 
maximum variability and more viable mutants. 
> Appropriate doses of gamma rays (lOkR and 20kR) were used in 
combination of EMS (0.1%-0.4%) and MMS (0.01%-0.04%) to induce 
maximum mutation frequency. 
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> The increase in mean values coupled with an increase in genetic 
variability from M2 to M3 generation especially for yield contributing 
traits, suggested further possibilities of selecting more promising lines 
with high yield and high heritability in both the varieties of broad bean. 
> 'I'he number of fertile branches per plant, pods per plant, seeds per pod, 
mean pod length, mean pod girth, 100-seed weight were positively and 
strongly correlated with yield in broad bean, whereas, seed size showed 
low positive correlation with protein content. 
> The efficiency of micromutations could be increased by selecting 
normal looking plants of M; segregating families as well as non-
segregating families with high variance and desired shift in mean, 
whereas the efficiency of macromutations could be increased by 
selecting M| plants with maximum damage as well as normal looking 
plants of segregating M| families. 
> The meiotic aberrations indicate the mutational load. The frequency of 
meiotic aberrations decreased from M| to M2 and M2 to M3 and further 
decreased in isolated strains which reprf oent the occurrence of stability 
in mutated genotype from Mi to M3 generation and in the isolated 
mutants of both the varieties of Viciafaba L. 
Therefore, on the basis of present findings it is suggested and concluded 
hat the mutants isolated in Viciafaba L. will have much importance in its 
improvement. The over all performance of the isolated mutants in general and 
alterations for yield contributing characters in particular is worth to be 
maintained. The mutant lines arc under evaluation tor stability of yield and 
yield contributing parameters and after their test and positive performance they 
may be recommended for multiplication and further use. 
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CHAPTER - 1 
Introduction 
INTRODUCTION 
Pulses form an integral part of the vegetable diet in the Indian subcontinent. 
India is the major pulse growing country of the world accounting roughly for 
one-third of the total world area under pluses and one-fourth of the total world 
production. Of the total world production of pulses (57.63m tonnes), India 
contributes about 14.42m tormes from an area of 22.24 m. ha. (Lai, 1997; FAO, 
1998). Pulse crops, also called grain legumes, have been valued as food, fodder 
and feed and have remained as a mainstay of Indian agriculture for centuries. 
Pulse crops play an important role in the agricultural economy of India by 
virtue of their ability to fix atmospheric nitrogen in symbiotic association with 
Rhizobium. Every pulse plant is in itself a mini-fertilizer factory by 
contributing substantially to the enrichment of the soil. Together, they add 
many times more nitrogen to our soils per unit area than what is added through 
the application of chemical fertilizers. In times to come, there will be a greater 
dependence on the nitrogen fixed by pulses and other legume crops because of 
continued decline in the availability of petroleum products, which form the 
basic material for chemical fertilizers. 
The second unique feature of pulse crops is their deep penetrating root 
• systems which enable them to utilize the limited available moisture more 
efficiently than many other crops including cereals and also contribute 
substantially to the loosening up of the soil. In general, they are more drought 
resistant than any other cereal crop, though the degree of tolerance varies from 
crop to crop. 
Pulses play an important role in the human diet of our country as a 
source of protein. Because of their high protein content, which varies from 20-
30% and is almost three times more than that of cereals, pulses form an 
essential supplement of cereal based diet. Pulse proteins are rich in lysine and 
poor in sulphur-containing amino acid i.e., a reverse of cereal proteins. The per 
capita availability of pulses has declined from 64g/day (1951-56) to less than 
40g/day as against FAOAVHO's recommendation of 80g/day. However, taking 
into account the total protein nutrition available from other sources such as 
food grain, milk and its products, eggs, fish, meat etc., then 55g/capita/day 
requirement of pulses may be the realistic target (Asthana and Chaturvedi, 
1999). 
India alone produces about 40-80 percent of the global 
production of crops like chickpea, pigeonpea, broad bean, lentil, peas, cowpea, 
blackgram etc. The production of pulses has been more or less stagnant, 
fluctuating between 10-14m tonnes over the last few decades. The total pulse 
production as well as productivity has not shown any improvement even after 
three decades of green revolution. One of the major constraints to increase in 
the pulse production in our country has been the lack of genotypes with higher 
yield potential to the farmers. Most of the cultivars presently under commercial 
cultivation exhibit lower productivity, non-synchronous flowering/fruiting, 
non-responsiveness to good management, non-suitability to various cropping 
systems, complete or partial absence of genetic resistance to major diseases and 
pests and many other undesirable characters. 
The art of recognizing desirable traits and incorporating them into future 
generations is very important in plant breeding. A few of these traits 
occasionally arise spontaneously through a process called mutation, which is a 
sudden inheritable change in the genetic material of an organism, but the 
natural rate of mutation is very slow and unreliable to produce all the desirable 
plant traits. 
Mutagenesis is the most important method of inducing alterations by 
mutagens in a genotype to enlarge the variability of quantitative characters in 
shortest possible time and provide good scope for selection. The idea of 
inducing mutations artificially and their subsequent utilization in the crop 
improvement was put forward as early as 1901 by Hugo de Vries. The 
discovery of mutagenic role of ionizing radiations (Muller, 1927) and 
chemicals (Auerbach and Robson, 1942) initiated a flurry of acfivities in the 
field of mutagenesis. Scientists worlcing on different facets of mutagenesis, 
since then, have been able to accomplish a significant breakthrough in basic 
understanding of mutagenesis and also its applied value for the benefit of 
mankind. The creation and management of genetic variability becomes the 
main source of breeding work, thus replacing conventional breeding methods 
which depend entirely on the naturally occurring mechanism of genetic 
recombination. 
Brock (1970) considered that induced mutations are an alternative to 
naturally occurring variations, as the source of germplasm for plant 
improvement programmes and as an alternative to hybridization and 
recombination in plant breeding. 
Induced mutation is the best method to evolve new cultivars by 
producing genetic variability at gene level. It is an effective tool in hands of 
plant breeders especially in crops having narrow genetic base. Many mutants 
have been identified as donors of desirable traits in breeding programmes. 
Induced mutation breeding involves exposing crop plants to ionizing 
radiations or chemicals to induce random genetic mutations. These treatments 
produce new traits in the plants that are agronomically useful, such as altered 
height, more seeds or larger fruits. Many physical and chemical mutagens have 
been used for induction of useful mutants in a number of crops. Physical 
mutagens include all types of radiations e.g. x-rays, gamma rays, fast neutrons, 
uv-rays and beta radiations. In addition to physical mutagens, a large number of 
chemical mutagens are also used for induction of mutations. Most of these 
belong to the special class of alkylating agents such as ethyl methane 
sulphonate (EMS) and methyl methane sulphonate (MMS). Alkylating agents 
react with DNA by alkylating the phosphate group as well as purine and 
pyrimidine bases. Besides alkylating agents, acridine dyes, base analogues and 
azides etc. are used for induction of mutation. Apart from easy handling and 
better efficiency, chemical mutagens have greater specificity than radiations 
(Auerbach, 1967). 
As a result of progress in understanding the role of induced mutations, a 
number of economically useful mutant varieties (about 2252) have been 
produced, as a result of mutagenesis programme in different countries of the 
world (IAEA /FAO.2000). Of the total 2252 mutant varieties, 1585 were 
developed directly after mutagenic treatment and selection in the subsequent 
generations. However, in many cases mutants or already released mutant 
varieties have been used as source of desired characters in cross breeding 
programmes, in this way 667 new varieties were developed. Of 1585 directly 
developed mutant varieties, a great majority (1411) were obtained with the use 
of radiations as the mutagen (Table-1). In India, 43 varieties of cereal crops, 38 
of grain legumes, 23 of oil seeds, 13 of fibre crops and 10 of millets have been 
developed by mutagenesis (Kharkwal, 1996). The polygenic traits viz., grain 
yield, early maturity, plant type, quality character, grain quality, abiotic stress 
and biotic resistance have been improved by mutagenesis (Sarkar and Sharma, 
1987; Kharkwal, 1996). Mutant varieties have been developed in cereals, 
oilseeds, pulses, millets, vegetables, fruit trees etc. These findings supplement 
that mutagenesis is a potential tool to be employed in the crop improvement for 
developing new plant types with superior genomes and biochemical 
composition, having better adaptation potentiality. 
1.1 MUTAGENESIS AS A MEANS IN THE CROP IMPROVEMENT 
Mutagenesis, a key area of genetical research occupies prime position in 
biological researches from viruses to the plants, animals and humans in every 
country not only because of the understanding of the mechanism of mutation 
and the factors (internal or external) that has helped to elucidate the basic 
aspects of life phenomenon but also of its profitability for being utilized in 
raising a large number of economically superior and desirable genotypes of 
crop plants. 
The application of mutagenesis in agriculture for improving the crop 
plants presented a new departure from the conventional breeding methods. In 
conventional breeding methods, the store of natural variability present either in 
the base population initially or introduced through hybridization, is subjected to 
recombination and seiectiojn so as to increase the frequency of favourable 
combinations of genes in the selected line. Mutation breeding helps in inducing 
greater magnitude of variability in various plant traits in a comparatively 
shorter time. Only through a careful screening and selection programme the 
magnitude of genetic variability induced by physical and/or chemical mutagens 
could be exploited for obtaining the desirable lines. It has been broadly 
estimated that in higher forms of life, only 10% of the DNA carry the active 
genes, the remaining 90% of the genome is useless but could be considered as a 
reserve genetic material to be utilized as and when required for active sites, 
such a conversion could occur through mutations. Mutations provide an 
opportunity to create hitherto unknown alleles so that the plant breeder does not 
remain handicapped because of limited allelic variation at one or more gene 
loci of interest. Fried (1969) concluded that for increasing food production in 
the world, induced mutagenesis is important in creating variability in the 
breeding populations to improve yield, earliness, disease resistance, lodging 
resistance etc. Gottschalk (1987) stated that mutation breeding is a well 
functioning branch of plant breeding that can supplement the conventional 
methods in a favourable manner. 
The induction of mutation has been accepted as a useful tool in the plant 
breeding programme. The success in plant improvement programmes, 
however, depends basically on controlling and directing the induced mutation 
process for the production of desired mutations. One of the chief advantages of 
mutation breeding is its ability to improve a single feature in a variety without 
significantly altering the otherwise desirable make up of agronomic characters. 
Another advantage of mutation breeding is the creation of genetic variability 
which enhances the scope for selection. The applied aspects of mutagenesis are 
being tackled on a much larger scale now-a-days in the crop improvement 
programmes. 
Development of genotypes showing improvement over the existing 
varieties for higher yield and other desirable characteristics is the ultimate aim 
of mutation breeding experiments. As stated earlier, release of more thai) 2252 
varieties in different crop plants is a testament to the applicability of the 
technique in practical plant breeding. Rice, barley and wheat with 324,256 and 
146 with commercially culti\'ated mutant varieties, respectively have been the 
three major crops benefited with mutation breeding. In legumes also, a total of 
197 varieties have been evolved through direct or indirect use of mutations. 
These findings supplement that mutagenesis is a potential tool to be employed 
in the crop improvement. 
1.2 DESCRIPTION OF VJCIA FABA L. 
1.2.1 Origin 
Faba bean is assigned to the Central Asian, Mediterranean and South 
American centers of diversity. Cubero (1973) postulated a new eastern center 
of origin, with four radii (1) to Europe (2) along the North African coast to 
Spain, (3) along the Nile to Ethiopia, and (4) from Mesopotamia to India. 
Secondary centers of diversity are postulated in Afghanistan and Ethiopia. 
However, Ladizinsky (1975b) reported the origin to be Central Asia. The wild 
progenitor and the exact origin of faba bean is still unknown. Several wild 
species (K narbonensis L. and V. galilaea Plitmann and Zohary) are 
taxonomically closely related to the cultivated crop, but they contain 2n = 14 
chromosomes, whereas, cultivated faba bean has 2n=12 chromosomes. 
Numerous attempts to cross the wild species with cultivated faba bean have 
failed (Bond et al, 1985). Even though faba bean has been cultivated in many 
countries, 60% of total world production comes from China (FAQ, 1994). 
1.2.2 Taxonomy, Morphology and Floral Biology 
Viciafaba is an annual herb with coarse and upright stems, unbranched, 
0.3-2 m tall with 1 or more hollow stems from the base (Bond et al, 1985; 
Duke. 1981; Heath, et al, 1994). The leaves are alternate, pinnate and consist 
of 2-6 leaflets and unlike most other members of the genus, it is without 
tendrils or with rudimentary tendrils (Kay, 1979; Bond et al, 1985). Flowers 
are large, white with dark purple markings, borne on short pedicels in clusters 
of 1-5 on each axillary raceme usually between the 5"^  and lO"' node; 1-3 pods 
develop from each flower cluster, and growth is indeterminate though 
determinate mutants are available. About 30% of the plants in a population are 
cross-fertilized and the main insect pollinators are bumblebees. There is a 
robust tap root with profusely branched secondary roots (Bond et al, 1985). 
The systematic position of Viciafaba L,. under Bentham and Hooker's 
system of classification is as follows: 
Division — Phanerogams 
Class — Dicotyledons 
Sub-class — polypetalae 
Series — Calyciflorae 
Order — Resales 
Family — Leguminosae 
Sub-family — papilionaceae (Fabaceae) 
Genus — Vicia 
Species —faba 
1.2.3 Ecology 
Faba bean requires a cool season for best development. It is grovm as a 
winter annual in warm temperate and subtropical areas. Hardier cultivars in the 
Mediterranean region tolerate winter temperatures of-10°C, whereas the most 
hardy European cultivars can tolerate up to -15°C (Robertson, 1996). It can be 
grown anywhere and is well-adapted to wctlcr portions of cereal-growing areas 
of Western Canada and elsewhere. Tolerates nearly any soil type but grows 
best on rich loams and moderate moisture supply is necessary (Duke, 1981). 
They are considered to be the least drought resistant among the legume crops. 
However, cultivars with high water use efficiency have been developed at 
ICARDA (Robertson, 1996). Faba bean is more tolerant to acid soil conditions 
than most of the other legumes. Growing seasons should have little or no 
excessive heat, optimum temperatures for production range from 18 to 27°C 
(Duke, 1981). Rainfall of 650-lOOOmm per annum evenly distributed is ideal 
(Kay, 1979). The maturity period ranges from 90-220 days depending upon the 
cultivars and climatic conditions (Bond et al, 1985). 
1.2.4 Yields and Economics 
The lack of adequate pollination and reduced seed setting can be major 
constraints to yield. Flower drop, seed abortion and pests such as Botrytis 
fabae, Ascochyta fabae, Uromyces fabae, Orobanche crenata and Aphis fabae 
are also major constraints to yield. Abiotic factors such as drought, high 
temperature, inadequate supply of nutrients, salinity and excessive moisture 
also play an important role. Yields are closely correlated with the number of 
pods per plant. China was the largest producer with estimated annual 
production ranging from 2.4-2.6 million MT (1161-1447 kg/ha) from 1979 to 
1994 (FAO, 1994). Argentina reported the highest yield record of more than 
9000 kg/ha from 1992 to 1994, followed by Switzerland (3350-4375 kg/ha), 
France (3000-3900 kg/ha) and Belgium (3350-3750 kg/ha) during the same 
years (FAO, 1994). In the past, faba beans for human consumption, feed for 
horses (commonly known as horsebeans), green manuring and feed for other 
stock were important uses in southern United States and along the U.S. Pacific 
Coast. Faba beans are grown in home gardens and mostly used as a green 
vegetable when the seeds are still succulent. 
Faba bean production in the world is concentrated in nine major 
agroecological regions, namely; Northern Europe, Mediterranean, the Nile 
valley, Ethiopia, Central Asia, East Asia, Oceana, Latin America, and North 
America (Bond et al, 1985). There has been a 50,000 tons increase in 
production in Australia, a 50,000 tons increase in EEC, and a 210,000 tons 
increase in West Asia and Noith Africa (WANA) from 1982 to 1992 (Oram 
and Agcaoili, 1994). However, the same authors reported that there was a 25% 
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decrease in area sown to faba bean in China alone, the largest producer, and a 
decrease in production of 201,000 tons in Africa during the same period (Oram 
and Agcaoili, 1994). Large seeded green types are canned. It i__s the second 
ranking food legume in Europe (Picard et al, 1988). 
1.2.5 Uses 
The faba bean is one of the oldest crops known by man and used as a 
source of protein and carbohydrate for both human and the animals. Its critical 
role in crop rotation in reducing energy cost, improving physical conditions of 
soil and decreasing the diseases and weed population has long been recognized. 
It is cultivated as a vegetable and used green or dried, fresh or canned and for 
stock feed. Feeding value of broad beans is highly considered in some areas 
superior to field peas or other legumes. Faba bean is used a human food in 
developing countries and as animal feed, mainly for pigs, horses, poultry and 
pigeons in industrialized countries. It is common breakfast food in the Middle 
East, Mediterranean region, China and Ethiopia (Bond et al, 1985). The most 
popular dishes of faba bean are Medamis (stewed beans), Falafel (deep dried 
cotytedon paste with some vegetables and spices), Bissara (Cotyledon paste 
poured onto plates) and Nabet soup (boiled germinated beans) (JambunaLlian et 
al, 1994). Roasted seeds are eaten like peanuts in India (Duke, 1981). Straw 
from faba bean harvest fetches a premium in Egypt and Sudan and is 
considered as a cash crop (Bond et al, 1985). The straw can also be used for 
brick making and as a fuel in parts of Sudan and Ethiopia. 
Broad bean has been considered as a meat extender or substitute and as a 
skim-milk substitute. Sometimes grown for green manure, but more generally 
for stock feed. Large seeded cultivars are used as vegetable and frequently 
grown as a home-garden crop and for canning and is one of the most important 
winter crop for human consumption in the middle East. The green seeds are 
used as a cooked vegetable. The dry bean are used as a food and live stock 
feed. Broad beans are very nutritious, containing 23% proteins. The whole dry 
seeds contain (per lOOg): 344 calories, 10.1% moisture, 26.2g protein, 1.3g fat, 
59.4g total carbohydrate, 6.8g fiber, 3.0g ash, 104mg Ca, 301mg P, 6.7mg Fe, 
8mg riboflavin, 2.1mg niacin, 162 mg tryptophane and 16mg ascorbic acid. 
The faba bean is said to be used for diuretic, expectorant and tonic. 
Broad bean proteins consist of globulins, albumins and glutelins. They 
also contain two minor proteoses and two globulins, i.e., legumin and vicilim. 
A word of caution is necessary where these beans are eaten regularly as the 
main diet, as in certain tropical countries, a paralytic condition known as 
favaism has occurred. 
1.2.6 Cytology 
As a cytogenetic material Viciafaba L. has the advantage of having six 
pairs of relatively large chromosomes that are excellent for assessing 
chromosomal aberrations. Root tips and pollen mother cells of Viciafaba have 
been the most frequently used plant material for assessing the chromosomal 
damage. 
1.3 OBJECTIVES 
The conventional approaches of plant breeding have exploited the 
available genetic variability in broad bean. As a result of the use of these 
conventional approaches fpr the longer period, there has been significant 
decline in genetic variability which has led to a narrow genetic base of this 
crop. Unlike in cereals, the reports on induced mutagenesis in broad bean are 
not very extensive. The information on relative specificity and recovery of 
mutations is a pre-requisite for practical mutation breeding. Mutagens have 
remarkable possibility of improving plants with regard to their qualitative and 
quantitative characters. In the present studies, attempts have been made to 
explore the possibilities of inducing alterations in the genotype to enhance 
genetic variability and increase the yield potential of broad bean through the 
use of physical and chemical mutagens separately as well as in combination. 
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The main objectives of the present studies were; 
1. to study the effect of different mutagenic treatments on various 
biological parameters in Mi and M2 generations, 
2. to investigate the meiotic behavior of chromosomes after treatments 
with physical and chemical mutagens in Mi, M2 and M3 generations, 
3. to investigate the chiasmata frequency after the separate and combined 
treatments of physical and chemical mutagens in M], M2 and M3 
generations, 
4. to estimate the frequency and spectrum of chlorophyll and 
viable mutations in M2 generation, 
5. to compare the effectiveness and efficiency of different 
mutagens and the two varieties used, 
6. to quantify the magnitude of the genetic variability induced in various 
quantitative traits, 
7. to enhance the yield potential by isolating promising lines, 
8. to evaluate the promising macromutations in advanced generations, and 
9. to evaluate and improve quality characters like protein content in the 
isolated mutant lines. 
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Table 1: Mutagens used and trait improved in mutant cultivars released in 
India. 
Mutagen 
Gamma rays 
X-rays 
Neutrons 
Ethyle methane 
sulphonate 
Dimethyl sulphate 
(DMS) 
Ethylene imine (El) 
Sodium azide (NaNs) 
Other mutagens 
Cross breeding 
Natural mutants 
No. of mutants 
169 
26 
07 
15 
04 
02 
02 
29 
47 
12 
Main attribute 
High yield 
Early maturity 
Disease resistance 
Quality character 
Grain quality 
Abiotic stress resistance 
Improved plant type 
Others 
Number of 
occurrence 
86 
65 
57 
39 
67 
65 
181 
9 
Source: Current science, vol. 89, July 2005. 
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Table 2: Number of released varieties developed through mutation 
breeding in legumes. 
S.No. 
1. 
2. 
3. 
4 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Species 
Arachis hypogea 
Cajanus cajan 
Cicer arietinum 
Dolichus lablab 
Glycine max 
Lens cuUnaris 
Phaseolus vulgaris 
Pisum sativum 
Trifolium alexandrinum 
Trifolium incarnatum 
Trifolium pratense 
Trifolium Subterraneum 
Viciafaba 
Vigna angularis 
Vigna mungo 
Vigna radiate 
Vigna anguiculata 
Common name 
Groundnut 
Pigeonpea 
Chickpea 
Hycinth bean 
Soyabean 
Lentil 
Frencli bean 
Pea 
Egyptian clover 
Crimson clover 
Red clover 
Sublen-anean clover 
Faba bean 
Adzuki bean 
Black gram 
Mungbean 
Cowpea 
Number of 
varieties 
38 
5 
8 
1 
49 
1 
21 
21 
1 
1 
1 
1 
1-3 
1 
3 
12 
9 
Source: Joint FAO/IAEA, Division of Nuclear Techniques in Food and 
Agriculture, June, 1996. 
13 
CHAPTER - 2 
^B^view of Literature 
REVIEW OF LITERATURE 
2.T SOME CONCEPTS IN INDUCED MUTAGENESIS 
The discovery of mutagenic role of ionizing radiations (Mulier, 1927) 
and some chemicals (Auerback and Robson, 1942) initiated a flurry of 
activities in this field. 
Scientists working on different facets of mutagenesis have since then 
been able to accomplish a significant break through in understanding the 
mechanism of mutagenesis and also its applied value for the benefit of 
mankind. 
Induced mutations are considered as an alternative to naturally occurring 
genetic variation that serves as the source of germplasm for crop improvement 
programmes and also as an alternative to hybridization and recombination in 
plant breeding. Mutagens have remarkable potential of improving plants with 
regard to their qualitative and quantitative characters; and where appropriate 
selection has been applied, improvement in yield (Brock, 1965; Gregory, 
1968), adaptability (Gustaffson, 1965), maturity time (Brock, 1970) and 
numerous other traits (Sigurbjornson and Micke, 1969) have been reported. 
The extent to which induced mutations provide a useful alternative to the 
natural variation as a source of germplasm for the improvement of such traits is 
largely determined by the importance of linked groups of genes and the degree 
to which natural selection has build-up linked gene complexes of adaptive 
significance in the naturally occurring population (Brock, 1971). 
The generation of genetic variability through induced mutagenesis 
provides a base for strengthening plant improvement programmes. Various 
classes of chemical and physical mutagens differ in their efficiency in inducing 
mutations and spectrum of mutations induced. Ever since the discovery that 
mutations could be produced artificially one of the aims of studies on mutations 
has been to find the treatment combinations of the mutagens that could induce 
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higher magnitude of useful mutations. Combination of different mutagens, 
provided their mutation induction process is independent and capable of 
interaction should increase the mutation frequency and alter the mutation 
spectrum (Sharma, 1970). Some of the monofunctional alkylating agents, ethyl 
methane sulphonate (EMS) in particular, have been shown to be more efficient 
in the induction of mutatioris than radiations. As certain genes are mutated by 
radiations and not by EMS (Favert, 1960) and the mutation spectrum induced 
by the radiations and chemical mutagens is different (Heiner et al, 1960; 
Ehrenberg et al. 1961). It was thought of interest to find the mutation 
frequencies when the physical and chemical mutagens were used in 
combination by many workers (Khalatkar and Bhatia, 1975; Gupta and 
Yashvir, 1975; Jayabalan and Rao, 1987a; Suganthi and Reddy, 1992). • 
Alkylating agents are, by far, the most extensive and important groups 
of mutagens. These compounds bear one or more reactive alkyl groups capable 
of being transferred to other molecules at positions where the electron density 
is sufficiently high. They cause alkylation of phosphate groups of DNA as well 
as the bases, the most frequent event being the formation of 7-alkyl guanine. In 
practice, however, only a few of the mutagens belonging to the group of 
alkylating agents such as, ethyl methane sulphonate (EMS), methyl methane 
sulphonate (MMS), diethyl sulphate (dES), ethyl imine (EI) and N-nitroso-N-
methyl urea (NMU) have been reported to be most effective (Rapoport, 1962; 
Swaminathan, 1966; IAEA, 1970). 
Mutagens affect the metabolism of individuals and influence the activity 
or synthesis of enzymes and growth regulators (Kharma and Maherchandani, 
1980; Jain and Khanna, 1987). Such harmful effects of mutagens lead to 
various forms of physiological expression of damage such as, retarded plant 
growth, induction of mutations, sterility and death. Mutagen induced 
biochemical and physiological changes during seed germination have been 
reported in rice (Inone et al, 1975) and cowpea (Khanna, 1988, 1991). 
Radiations have been found to produce genetic changes such as mutations, 
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chromosomal rearrangements and disturbances in the cell division (Khanna and 
Maherchandani, 1981a; Khanna, 1986; Singh and Khanna, 1988). Low doses of 
radiations have been found to have a stimulatory effect in different crops 
(Sparrow, 1966; Khanna 1988). 
For combined treatments of gamma radiations and chemical mutagens 
on seeds, the mutagenic effects were reported to be synergistic when radiation 
was given first followed by chemical treatment (Nilan et al, 1962; Sharma, 
1970), when treatments were given in the reverse order, the mutagenic effects 
were not synergistic (Sharma, 1970). Mohan Rao (1972) obtained synergistic 
effect for Mi seedling injury and mitotic anaphase fragment frequency, 
whereas, the effect was only additive for mitotic bridges and M2 chlorophyll 
mutations, Favert (1963) and Doll and Sandfer (1969) however, could not 
obtain any synergistic interaction between radiation and chemical mutagen 
treatments. In chickpea, intentional exposure of seeds to various mutagens has 
produced many new and desirable characteristics (Kalia et al., 1981; Haq et al, 
1988; Hassan and Khan, 1991). 
Our knowledge on the fundamental aspects of the mutational processes 
and the mechanism of action of various physical and chemical mutagens and 
their combinations has been fairly widened (Blixt and Gottschalk, 1975; 
Gottschalk, 1978a, 1978b; Gottschalk and Wolf, 1983; Shanna, 1985 and 
Khan, 1986). Though there are several unanswered questions regarding the 
classification and mechanism of actions of mutagens, yet a more 
comprehensive account of them was given by Sharma (1985). 
2.2 DOSE EFFECT/L.D.-50 
The dose required for high mutation efficiency of a physical or chemical 
mutagen depends on the properties of the mutagenic agents and of the 
biological system in question. In general, the dose effect of a physical or 
chemical mutagenic treatment comprises several parameters, of which, the 
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most important are dose rate, concentration, duration of treatments, temperature 
and pH during treatments. 
Lethal dose (LD-50) gives an idea about the appropriate dose of 
mutagen in an experiment on induced mutagenesis. In chickpea, Singh (1988a) 
reported LD-50 values for gamma rays at 460 GY (var. G 130) and 483 GY 
(var. H 208) and for EMS at 0.25% (var. G 130) and 0.2% (var. H 208). In both 
the varieties 0.4% EMS treatment was most lethal. Kharkwal (1981a) reported 
higher lethality in 0.2% EMS in comparison to 400 GY and 500 GY gamma 
rays. Higher LD-50 values for gamma rays in chickpea in comparison to other 
pulse crops such as 300 GY in black gram (Khan, 1988a), 200 GY in lentil 
(Singh, 1983) and 100 GY in pea (Singh, 1988b) indicate its greater resistance 
to the mutagen. Further, differences have been observed for LD-50 values in 
different chickpea varieties which is attributed to their differential radio-chemo 
sensitivity. A decline in the survival of a mutated populaticjn has been 
associated with an increase in the dose of mutagen (Farooq and Nizam, 1979a; 
Singh, 1988a), which may have resulted from cytogenetic damage and/or 
physiological disturbances as also reported earlier by Sato and Goul (1967). 
Both gamma rays and EMS have been shown to have a dose related 
reduction in seed germination and pollen fertility (Nerkcr, 1970a; Rao and 
Laxmi, 1980; Khanna and Maherchandani, 1981a; Gautam et al, 1992). Dose 
linked effectiveness of EMS and gamma rays was noted in chickpea in terms of 
gcrminatioti, reduction in pollen fertility, chlorophyll mutations and seedling 
height (Kharkwal, 1981a; Khanna, 1991; Gumbcr et al, 1965). Similar effects 
were also reported in peas (Salim et al. 1974), pearl millet (Singh et al, 1978), 
Vigna radiata (Singh and Chaturveidi, 1980), Lens culinaris (Sharma and 
Sharma, 1981b), Arachis hypogaea (Venkatachalam and Jayabalan, 1995) and 
Nigella sativa (Mitra and Bhowmik, 1999). 
With a view to enhance the mutation rate and also to alter the spectrum 
of mutations, many variations in treatment methodology have been used by 
different workers. Treatments with chemical mutagens have been given to dry 
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as well as soaked seeds, seedling at different developmental stages, different 
phases of cell cycle at variable temperature and ionic concentrations (Chopra 
and Pai, 1979). Ramanna and Natrajan (1965) studied the mutagenic efficiency 
of certain alkylating agents under different treatment conditions of temperature 
and hydrogen ion (pH) concentration in barley. They concluded that factors 
such as concentration and diffusion of the mutagen, rate of hydrolysis and the 
influence of alkylating and non-alkylating groups of the chemical play a 
considerable role in determining the mutagenecity of a compound. 
2.3 MUTAGENIC SENSITIVITY 
It is well known that the same mutagen dose can cause different degrees 
of effect in different species. Varied mutagenic sensitivity in different 
genotypes was first reported by Gregory (1955) in groundnut and Lamprechet 
(1956) in peas. 
Prasad and Das (1980c) studied the mutagenic sensitivity of gamma rays 
and methyl methane sulphonate (MMS) in different varieties of Lathyrus 
sativus L. They observed differential mutagenic response in terms of 
chlorophyll mutations. Similar varietal differences were recorded in the 
production of non-viable chlorophyll mutations in Nigella sativa (Miti'a and 
Bhowmik, 1999) following gamma rays and EMS treatments. Sharma and 
Sharma (1981a) observed differential mutagenic response of gamma rays and 
NMU in microsperma and macrosperma lentils. They observed better viability 
of chlorophyll mutations like Xantha and Chlorina in the microsperma than in 
the macrosperma varieties. 
Venkatachalam and Jayabalan (1995) while using EMS, sodium azide 
and gamma rays found distinct varietal differences in groundnut (Arachis 
hypogaea). Distinct varietal response to NMU and gamma rays in Vigna 
radiata was observed by Singh and Chaturvedi (1980). Geetha and 
Vaidyanathan (1997) observed different phenotypic response of two soyabean 
cultivars to ethidium bromide and gamma rays. Differences in radio-sensitivity 
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were also reported by Khan (1999) in blackgram, Nerker (1976) in Lathyrus 
sativus, and Anis et al. (1999) in Urd bean. Akbar et al. (1976) concluded that 
differences in radio-sensitivity may be due to differences in their recovery 
process involving enzyme activity. In chickpea, Kharkwal (1998b) reported 
that varieties of desi type were more resistant towards mutagenic treatments 
than Kabuli and green seeded types. 
Mutagenic response to cytological aberrations has been reported by 
many workers (Rao and Laxmi, 1980; Suganthi and Reddy, 1992). Mitra and 
Bhovraiik (1996) observed no varietal differences with regard to mitotic index 
as well as meiotic abnormalities in Nigella sativa L. Both the cultivars of 
Nigella sativa were found equally radiosensitive. Ahmad (1978) and Ahmad 
and Godward (1981) reported radio sensitivity in nine cultivars of chickpea. 
Out of these, two cultivars CSIMF and FIO were identified as the most radio-
resistant and radio sensitive respectively. Kharkwal (1981a) reported 
mutagenic sensitivity in four varieties of chickpea on the basis of total 
germination rate, seedling damage, pollen sterility and plant survival. 
In general, the varieties with a large assortment of recessive alleles 
governing trait(s) show greater sensitivity and frequency of M2 mutants than 
varieties having more dominant alleles governing a trait (Gelin et al. 1958; 
Blixt, 1970). The mechanism controlling sensitivity to chemical mutagens and 
X-rays have been reported to be different from those determining sensitivity to 
gamma rays (Sokolov and Balchunene, 1977). 
2.4 BIOLOGICAL DAMAGE 
There are many reports to demonstrate the effect of physical and 
chemical mutagens and their combination treatments on different biological 
parameters such as germination, survival, injury, sterility etc. (Bhatacharjee et 
al, 1998; Khan, 1999; Mitra and Bhowmik, 1999; Sareen and Kaul, 1999). 
Reduction in seedling height following treatments with gamma rays and EMS 
was observed in barley (Sharma, 1970). Gupta and Yashvir (1975) reported a 
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radio protective effect of EMS in Abelmoschus esculentus. The combined 
treatments of gamma rays and EMS showed higher germination percentages 
than the corresponding EMS treatment. Choudhary (1983) reported a 
symmetric reduction in germination in different varieties of wheat with higher 
doses of gamma rays. 
Khalatkar and Bhatia (1975) studied the effect of gamma radiation, EMS 
and their combinations on Mi parameters in barley. Seedling injury, 
chromosomal aberrations, pollen and seed sterility were found less in combined 
treatments than in the separate treatments. Gamma rays were reported to inhibit 
the uptake of EMS due to the generalized action of radiation on metabolic 
processes in tlie cell. Singh and Chaturvedi (1980) reported mutagen induced 
damage such as, plant injury and lethality in the Mi generation arising due to 
physiological, chromosomal and factor mutations. 
Gautam et al. (1992) observed a direct relationship of pollen and ovule 
sterility with gamma rays and EMS doses in Vigna mungo, the maximum 
occurring at higher doses. Sharma (1972) obtained synergistic effects for seed 
sterility in combined treatments of gamma rays and EMS. Increase in pollen 
sterility and decrease in seed germination with increasing doses of gamma rays 
in Capsicum annum was reported by Rao and Laxmi (1980). 
Based on plant survival and sterility, the mutation rate of NMXJ was 
found to be 1.5-2.0 times higher than gamma rays (Sharma and Sharma, 
1981a) in microspcrma and macrospcrma lentil. Rapopart (1966) has called the 
mutagens belonging to the nitroso group as super mutagens in view of their 
higher mutagenic effects. Mutagenic efficiency based on injury and lethality 
was found higher in combined treatments of gamma rays and NMU than their 
respective individual treatments (Dixit and Dubey, 1986). Combined treatments 
also showed greater reduction in seedling suiYival than the individual 
treatments. 
20 
Bhatnagar (1984) reported the adverse effects of combined treatments 
on germination and survival of plants in chickpea. The pollen sterility increased 
in combined treatments indicating the additive or synergistic effect. Reduction 
in seed germination with the increase in dose of gamma rays in chickpea was 
reported by Khanna (1981, 1991). The EMS treatment was found to cause 
higher sterility than gamma rays in chickpea (Kharkwal, 1981b). 
2.5 INDUCTION OF CYTOLOGICAL ABERRATIONS 
Estimation of cytological abnormalities and their magnitude during 
mitosis or meiosis is most important index for evaluating the effect of a 
mutagen. It also provides considerable clue to assess radio sensitivity of plants 
to both physical and chemical mutagens. Mutagen induced chromosomal 
aberrations have been reported by many workers in different plants such as in 
Pea (Kallo, 1972), triticale (Pushpalatha et al, 1992), lentil (Reddy and 
Annadurai, 1992), fenugreek (Anis and Wani, 1997) Capsicum annum (Anis et 
al. 2000) and broad bean (Bhat, et al, 2007). Most of these workers observed 
dose dependent increase in the frequency of chromosomal abnormalities with 
respect to mutagenic treatments. 
Laxmi et al (1975) reported different meiotic abnormalities like 
chromatin bridges, laggards, fragments, cytomixis, tripolar division, inversion, 
micronuclei and unequal separation of chromosomes in pearl millet following 
treatments with gamma rays and EMS. Lagging chromosomes and unequal 
separation of chromosomes were more frequent than other anomalies. They 
further reported that gamma rays were more effective than EMS or 
combination treatments in inducing chromosomal anomalies. Increase in the 
frequency of meiotic anomalies with the increase in dose and duration of 
mutagens was reported by Suganthi and Reddy (1992). Gamma rays induced 
meiotic aberrations have also been reported in chickpea (Abned, 1993). The 
meiotic aberrations increased with increase in dose of gamma rays. 
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Subhash and Nizam (1977) reported that increasing dose of X-rays 
resulted into the formation of increased number of multivalents, fragments, 
bridges and micronuclei in Capsicum annuum. Katiyar (1978a) has reported 
chromosomal aberrations like stickiness, altered association, breakage, bridges, 
laggards and abnormal microspores after gamma irradiation in chilli. Pollen 
sterility increased with the increase in dose of gamma rays and abnormalities 
were comparatively more in Mi than in M2 generation. Similar results were 
also reported by many workers (Rao and Laxmi, 1980; Tarar and Dnyansagar, 
1980; Subhash and Venkatrajam, 1983). 
Katiyar (1978a) investigated the Capsicum annum L. plants grown from 
gamma irradiated and control seeds for meiotic aberrations and pollen sterility 
in Ml and M2 generations. Chromosomal aberrations included stickiness, 
altered association, breakage, bridges, unequal segregation, laggards and 
abnormal microspores and their frequencies were dose-dependent. Pollen 
sterility showed dose dependent increase. The percentage of chromosomal 
aberrations were more in M] than M2, which could be due to the operation of 
recovery mechanisms or elimination of damaged chromosomes in the 
intervening period. 
Rao and Kumar (1983) isolated three desynaptic mutants in a population 
of local cultivar of chillies. Meiotic studies showed reduced chiasma frequency 
and pollen fertility in desynaptic mutants than normal plants. The desynaptic 
plants were weak and medium strong types. The mutant showed a monogenic 
pattern of inheritance. 
Datta and Biswas (1984) detected the occurrence of cytomixis in the M2 
generation of a lax branching type mutant of Nigella sativa L. through EMS 
freatment. Presence of cytomixis was restricted only in the prophase-I cells of 
meiotic division. Transfer of nuclear materials from one PMC to the adjacent 
PMCs occurred at random and in specific direction within the PMCs. 
Cytomixis resulted in the formation of aneuploid and polyploid PMCs. Hypo 
and hyperploid meiocytes were observed in 19.87% cells. Multivalents were 
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absent in the mutant plant which indicated that migration phenomenon has 
initiated after chromosome pairing in this material. Pollen fertility was reduced 
in the mutant (6.74%) but normal seed setting was not affected in the lax 
branching mutant. Aneuploids were detected among 0.65% individuals of the 
M3 population following selfmg of the mutant, one of which was a trisomic, 
Phenotypically the trisomic plant was weak with slender stem and drooping 
lamina. The extra chromosome in the trisomic plant was present mostly as a 
univalent and rarely as trivalent. The plant was completely seed sterile due to 
unbalanced condition of the chromosomes in the zygote. The trisomic has 
arisen possibly through imion of normal and aneuploid gametes the latter being 
the consequences of cytomixis. 
Therrien and Grant (1984) treated the seeds of Lotus corniculatus L. 
(Leguminoceae) with different concentrations (0.001, 0.01, 0.1 and 1.0%) of 
ethyl methane sulphonate, selfed, selectively crossed and open pollinated lines 
were assessed for meiotic chromosome aberrations and quadrivalent formation 
in plants derived from treatment over four generations. Effect of EMS was 
confined largely to the Mi generation with some persisting to the M3 and M4 
generations after out-crossing. Significant increase in chromosome aberrations 
was not recovered in the progeny except for a single dose in the M3 generation 
after open pollination. The frequency of quadrivalent formation in the control 
population was less than previously reported for this species suggesting some 
selection for increased diploidization. Meiotic chromosome pairing would 
appear to be vmder multigenic control as the frequency of quadrivalent 
formation increased with EMS treatment but not to the extent expected if 
controlled by a major gene(s). 
Datta and Biswas (1985) isolated a bushy mutant with desynaptic 
meiotic behaviour from the M2 population of Nigella saliva L. (black cumin) 
following 2 hours treatment with 0.5% EMS. A single pair of recessive genes 
(bu^u) was ascribed for bushyness and the mutant bred true in the subsequent 
generations. The bushy mutant was characterized by delayed germination, 
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flowering and maturity, high frequency of pollen sterility, poor seed setting and 
desynaptic behaviour of chromosomes, possibly due to the pleiotropic effect of 
the mutant gene. 
Kumar and Rao (1985) isolated one desynaptic plant in a population of 
Capsicum frutescens. Meiotic studies in the normal and the desynaptic plant 
showed reduced chiasma frequency and pollen fertility. Chromosome pairing at 
pachytene was normal and complete in the normal, while it was partial in the 
desynaptic. Twelve bivalents were regularly formed both at diakinesis and 
metaphase-I in the normal, while univalents ranging fi-om 12-24 were recorded 
at the corresponding stages in the desynaptic. At anaphase-I the chromosome 
segregation v/as regular (12:12) in the normal and irregular in the desynaptic. It 
is presumed that desynapsis in Capsicum frutescens may have been due to a 
spontaneous gene mutation. 
Sinha (1985) reported cytomixis during microsporogenesis in 11 species 
belonging to 8 genera of the family Scrophulariaceae. In almost all the species 
except Lindenbergia indica the phenomenon was reported for the first time. 
The phenomenon has been observed in the material collected from natural 
populations. Number of chromatin material migrating from one PMC to 
another vary from one to entire. Normally only two PMCs were seen involved 
at a time, but in some cases 4-7 PMCs were seen involved in the phenomenon 
at a time, forming a chain or a group. As a rule the flow of chromatin from one 
PMC to another was found to be unidirectional but sometimes a PMC has been 
seen passing its chromatin material to two different PMCs in two different 
directions at a time. 
Dixit and Dubey (1986) treated the dry and dormant seeds of lentil {Lens 
culinaris Med.) var. T-36 in varying concentrations of EMS, NMU and DES. 
Meiotic study revealed that a high frequency of translocations leading to 
multivalent associations involving varying number of chromosomes were 
induced in all the treatments in plants raised from these seeds. Meiotic 
aben-ations increased with the increase in concentration upto a certain level but 
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decreased above it in all the three mutagens. NMU was more effective 
followed by EMS and DES. 
Verma et al. (1986) observed cytomixis in triploid mulberry. It has been 
attributed to initial tetraploid and triploid hybrid nature. The cytomixis 
involved many cells at a time and was observed in all the stages of m'eiosis, 
contraiy to the common belief that only earlier stages are favourable. In some 
cases two different stages of meiosis were also involved in cytomixis. 
Cytomixis resulted in other abnormalities like anucleate cells, cells with more 
or less chromosome number, multinucleate cells, unusually large cells, triads, 
pentads and hexads. Cytomixis leads to sterility in mulbeny resulting in higher 
leaf yield and nutritiveness, useful for silkworm feeding. 
Jayabalan and Rao (1987b) reported more meiotic abnormalities and 
pollen sterility in the combination than in the individual treatments in tomato. 
Venkateshwarlu et al. (1988) studied the effect of single and combined 
treatments of gamma rays, EMS and hydroxylamine (HA) in Catharanthus 
roseus. Besides various meiotic aberrations, tetrad abnormalities like monads, 
dyads, triads and polyads were also observed. Dose dependent decrease in 
pollen fertility was reported in Vigna radiata (Ignacimuthu and Sakthivel, 
1989) following treatments with gamma rays and EMS. They observed a 
significant and positive correlation between chromosomal abnormalities and 
pollen sterility. 
Sapre and Deshpande (1987) reported a change in the chromosome 
number of some PMCs in an interspecific hybrid of Coix L. (C. gigantean x C. 
aquatica, 2n = 16) through cytomixis. In the cytomictic PMCs the 
chromosomal changes are 2n=13 and 2n=17 instead of the usual 2n=16 i.e., 
having variable number of parental chromosomes instead of the usual 10+6 
gigantea and aquatica combination. It is argued that in the PMCs, the 
displacement of chromatin from its nearly central position towards periphery, 
as if acted upon by some force and in preparation to migration carmot be 
without any purpose. 
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Soodan and Wafei (1987) detected the cytomixis in some individuals of 
{Prunus amygdalus Batsch) and Peach {Prunns persica Batsch), others growing 
in their neighbourhood and undergoing meiosis almost simultaneously did not 
exhibit the anomaly. This indicates involvement of specific genes which 
express only under particular environmental conditions. The fact that all pollen 
mother cells present inside the microsporangium are not involved in cytomixis 
indicates that they either vary in their cytomictic potential or fail to get exposed 
to the specific conditions required to trigger the process. 
Lakshmi et al (1989) recorded cytomixis, between adjacent PMCs in a 
sterile plant screened in the population of Sindhur variety of Capsicum annum 
L. In 36.5% of cells cytomixis was affected through cytoplasmic bridges 
resulting in PMCs with variable number of chromosomes ranging from 4-36. 
Interestingly here, the phenomenon of cytomixis was associated with medium 
strong type of desynapsis. It was also observed that cytomixis has some sort of 
negative effect on desynapsis resulting in increased pairing in the cells 
involved in cytomixis. 
Rao et al. (1990) isolated a desynaptic mutant in a progeny of pearl 
millet {Pennisetum americanum) the mutant showed dissociation of bivalents 
into univalents and formation of non-specific congregations of chromosomes at 
diakinesis, shrinkage of cytoplasm and occurrence of unoriented sticky 
chromatin masses at metaphase-I, relaxation of stickiness, unbalanced 
chromosome numbers at the poles and laggards at anaphase-I and presence of 
other inegularities in subsequent stages. Male and female sterility was high. 
This meiotic mutant thus has multiple effects and is inherited as a monogenic 
recessive and designated as st. 
Reddy and Annadurai (1992) studied the effect of gamma rays, EMS, 
sodium azide and their combination on various cytological parameters in M2 
generation in lentil variety PL-639. The mean values of quadrivalents, rod 
bivalents, univalents, fragments, bridges and pollen sterility showed increase in 
mutagenic treated population, while the chiasma frequency was decreased. 
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Combined treatments showed additive effect. EMS produced slightly more 
abnormalities over sodium azide. 
Kaul and Nirmala (1993) detected desynaptic mutant in DES induced 
Pisum sativum variety Arkel, involving lack or impaired synaptic pairing, 
confined only to the male sex. This anomaly is controlled by a single nuclear 
recessive gene msg4, non-allelic to the other msg genes isolated in Pisum 
sativum genome. The synaptic anomaly leads to abnormal male meiosis 
involving premature chiasmata terminalization, nucleolar multiplication, 
univalency, unequal and irregular chromosome disjunction at AI and All, 
unequal triads and tetrads and coenocyte formations. This resulted in 
degenerated microspore formation rendering the mutant total male sterile. The 
meiotic anomalies exhibited high proportion of variance and the initial 
anomalies add to the variance of the subsequent abnormalities making male 
meiosis exceedingly erratic. The major meiotic anomalies are inter-correlated 
but only some exhibit genetic correlations which unravel the causes and 
consequences of meiotic anomalies detected in this mutant. The dys gene 
causing the male sex specific anomalies, does not belong to the gene system, 
regulating chiasma formation and its terminalization in Pisum sativum. Instead, 
it is a special gene disrupting male meiosis only and is anther specific. 
Falistocco et al. (1994) investigated the microsporogenesis of one 
desynaptic mutant of Dactylis glomerata subsp. Humalayansis (2n=2x=14). As 
a consequence of the formation of univalents, the meiosis was frequently 
disturbed by such irregularities as defective congression, unbalanced 
chromosome segregation and development of micronuclei. Following different 
mechanisms of restitution unreduced microspores as well microspores with 
double the normal chromosome number were produced. 
Velazquez (1994) isolated a desynaptic mutant in a wild population of 
Rhoeo which showed a high fi-equency of univalents at metaphase-I. The 
seedlings were found to be diploid with 2n = 2x=12.The mutant showed 6-12 
univalents per cell and had a karyotype 8M+4SM differing from that of the 
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other desynaptic plants referred to in other work by same author "which has 
7M+5SM. The mutant had a high pollen fertility (65.7%). The microspores 
showed chromosome number from n=5 to n=14, unreduced pollen grains were 
formed at telophase second via second division restitution and comprised 
34.14% of the pollen grains. 
Mitra and Bhowmik (1996) reported radio sensitivity in two cultivars of 
black cumin (Nigella sativd) after treatments with gamma rays and EMS. 
Mitotic index was fovmd to decrease with increasing dose of mutagens, but the 
mitotic and meiotic abnormalities showed increasing trend with mutagen doses. 
They observed no varietal differences with regard to mitotic index as well as 
cytological abnormalities. 
Maria de Souza and Pagliarini (1997) during an investigation of the 
meiotic behaviour of 11 canola cultivars {Brassica campestris and Brassica 
napus), eight showed cytomixis between sporocytes. The percentage of cells 
with cytomixis was low. In two cultivars, cytoplasmic bridges without 
chromatin transfer between cells were higher than cytomixis. All meiotic 
phases from pachytene to tetrads were affected. Chromosome transfer was 
observed between cells in the same phase of division and also between cells in 
different phases of division. The amount of nuclear material transferred from 
one cell to the other was variable, involving, in some cases, the entire 
chromosome complement. 
Poddar et al. (1998) isolated five medium strong desynaptic mutants 
(DM1, DM2, DM3, DM4 and DM5) in the M2 generation from gamma-
irradiated seeds of Rhoeo spathacea var. concolor. The desynaptic plants varied 
morphologically and showed very high to complete pollen and ovule sterility. 
Crossing experiments were only successful between the pollen parent of DM3 
and standard normal, which revealed monogenic recessive inheritance of the 
mutant trait. Manifestation of the intensity of desynaptic expression was also 
evidenced. Microspores and pollen grains showed hypo and hyperdiploid 
chromosome number. 
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Singh et al. (1999) studied the effect of gamma rays, ethyl methane 
sulphonate (EMS) and epichlorhydrin (ECH) on meiosis in Vigna radiata cv. 
PS 16. Meiotic studies showed chromosomal aberrations like univalents, 
multivalents, ring chromosomes and laggards in treated populations. The 
frequency of cells showing chromosomal aberrations showed a linear increase 
with dose. EMS produced the highest chromosomal aberrations than gamma 
rays and epichlorhydrin. 
Saha and Datta (2000) observed the gamma in-adiation induced 3 
translocation hetero2ygotes in the seeds of Nigella damascena L. These 
exhibited the formation of either a ring or a chain of 4 chromosomes in 
meiocytes. Predominance of rings or equal proportion of rings and chains 
occurred in translocation heterozygotes. The rings showed preponderance of 
adjacent orientation and the chains demonstrated frequent alternate orientation. 
Though pollen fertility showed reduction. 
Kumar and Sharma (2001) isolated two desynaptic mutants at 8 h of 
trealmenl with 0.5% of HMS in chickpea. The average number of univalents 
and bivalents per cell was 10.56 and 2.72 in mutant-1, 10.21 and 2.89 in 
mutant-2, respectively. The desynaptics obtained was medium strong type with 
reduced pollen fertility. 
Kumar and Srivastava (2001) noticed cytomixis in plants of Plantago 
Ovata Forsk raised from seeds treated with three different treatment durations 
viz., 3,5 and 7 hrs of 0.5% EMS. Chromosome transfer between 
microsporocytes occurred from the pachytene to telophase-II stages of meiosis. 
Two, three or a series of several cells were involved in cytomixis. The number 
of transferred chromosomes ranged from a few to entire complement thereby 
causing aneuploidy or polyploidy in Plantago ovata. 
Kumar and Srivastava (2001) studied the effect of sodium azide on 
various cytological parameters in Plantago ovata Forsk. A considerable 
reduction in chiasma frequency with the increase in mutagenic concentration 
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was noticed. A large number of interesting karyological and cytoplasmic 
irregularities viz., clumping, linking of bivalents, precocious movement, 
translocation ring, bridges, laggards, transmigration of chromosomes, 
corroding etc. were observed at different stages of meiosis in the treated plants. 
The percentage of abnormalities was found to be dose dependent among 
mutagen treated populations. 
Kumar and Sharma (2002) observed cytomixis at different stages of 
meiosis in Cicer arielinum L. treated with three different concentrations viz., 
0.2%, 0.4% and 0.6% of sodium azide. It has been observed at different stages 
of meiosis and may occur between two or more pollen mother cells and caused 
various types of irregularities in meiosis resulting into hypo or hyperploid 
gametes which may be the cause for the origin of aneuploidy or polyploidy. 
Kimiar and Tripathi (2002) isolated a strong type tetraploid desynaptic 
mutant of Aloe barbadensis (4n=28) during microsporogenesis. As a 
consequence of the formation of univalents, the meiosis was frequently 
disturbed by such irregularities as defective congression, unequal chromosome 
segregation, laggards and multipolarity leading to high pollen sterility. 
Saha and Datta (2002) induced 5 translocation heterozygotes (P-14 and 
P-26 from 5kR and P-32, P-36 and P-37 from lOkR) in gamma irradiated seeds 
of Nigella sativa L. (black cumin). P-14, P-32 and P-36 were viable 
translocations; while, P-26 and P-37 yielded only abortive seeds at Mi 
following selfmg and on open or controlled pollination. The translocation 
heterozygotes exhibited the formation of either a ring or a chain of 4 
chromosomes in 38.71% to 77.72% meiocytes. Predominance of rings occurred 
in all translocation heterozygotes excepting P-26 where rings and chains were 
nearly equal. P-14 and P-26 had more adjacent orientation of quadrivalents 
than alternate; while, P-32, P-36 and P-37 demonstrated random orientations. 
The quadrivalent behaviour was found to be persistent in all generations of P-
14, P-32 and P-36. The rings showed preponderance of adjacent orientation and 
the chains demonstrate frequent orientation. Though normal 6:6 separation of 
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chromosomes at A| was observed in 85.8, 83.3, 69.4, 32.3 and 86.4% cells of 
P-14, P-26, P-32, P-36 and P-37 respectively, pollen fertility was reduced in the 
heterozygotes (8.2-37.5%). Fi's raised from intercrossing of P-14, P-32 and P-
36 were meiotically assessed and the results indicated that same 2 non-
homologous chromosomes v/ere involved in translocation and the 2 longest 
chromosome pairs AA and BB (nuclear pair) were suggested to be associated. 
P-14, P-32 and P-36 had marker phenotypic traits and characteristically P-36 
possessed non-shattering capsule trait. 
Singh (2002) induced three barley desynaptic mutants DM63, DM92 and 
DM105 showed varying frequency of univalents and bivalents at Mi. The range 
of univalents per cell was 2-8, 8-14 and 4-8 in these mutants. They exhibited 
unequal separations and lagging of chromosomes at Ai. Multipolar separations 
and presence of micronuclei in spores were also observed. The mutants were 
monogenic recessive ds63 (DM63) was found linked with marker genes v and e 
and their recombination values were 40.68±3.74 and 20.71 ±4.82 respectively. It 
was mapped in chromosome 2 in short arm left to marker gene e. Gene ds92 
(DM92) was found linked with marker gene trd and B in chromosomes 5 and 
its recombination values with trd and B were 36.62±3.75 and 24.47±4.17 
respectively. This gene was located proximal to B with respect to centromere in 
long arm of chromosome 1. Gene dsl05 (DM105) was found linked with lk2 
and n in chromosome 1. The recombination values of this gene with lk2 and n 
were 36.73±5.41 and 26.78±5.00 respectively. This gene was located in long 
arm of cliromosome 1 in between centromere and marker gene n. 
Kumar et al. (2003) carried out the cytological investigations in the 
experimental sets of individual and combined treatments of gamma rays and 
ethyl methane sulphonate on Lens culinaris. The plants in the treated sets 
showed varying degrees of meiotic irregularities almost at all the treatment 
doses. The frequency of meiotic irregularities was more in the combined 
treatments than the individual sets. The various types of meiotic abnormalities 
were multivalents, univalents, stickiness, precocious movement of 
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chromosomes, unorientation, laggards and bridges. Taking the percentage of 
meiotic abnormalities and pollen sterility as an index of effectiveness of a 
mutagen the combination treatment proved to be the most effective. 
Kumar and Kesawaiji (2003) isolated one desynaptic mutant in Vigna 
mungo at 7h treatment of 0.5% EMS. At metaphase-I abnormal chromosomal 
configurations with variable number of univalents and bivalents were 
frequently observed. Bridges, laggards and unequal separation of chromosomes 
were also observed at anaphase-I. 
Kumar and Singh (2003) isolated a plant having a double interchange 
from the population raised from gamma ray irradiated seeds in P. typhoids. The 
plant was morphologically distinct in being weaker and much shorter than its 
normal counterparts. Diakinesis and Metaphase-I configurations revealed the 
predominance of a hexavalent along with 4 bivalents. In a few PMCs 
univalents along with variable number of bi and multivalents could also be 
observed. Anaphase-I studies exhibited various anomalies as well, like unequal 
separation, bridge and lagging chromosomes. Perhaps, due to these 
overwhelming clu-omosomal aberrations pollen fertility was drastically 
reduced. 
Kumar and Singh (2003) provided a relative account of cytological and 
development effects of gamma rays and Ethyl Methane Sulphonate (EMS) on 
meiotic features and gametic fertility in Hordeum vulgare. Studies undertaken 
in Ml generation on the variety K-12 of this species show that both the physical 
and chemical forms of mutagens elicit various kinds of chromosomal 
abnormalities and reduction in pollen and seed fertility. Such effects were dose-
dependent. However, the percentage of abnormalities induced by gamma rays 
was higher than that induced by EMS, suggesting that gamma rays could be 
more effective in inducing genetic changes compared to EMS in this crop. 
Sengupta and Datta (2003) observed persistent presence of secondary 
association of chromosomes (82.09% cells; range: 61.11 - 100.00%) in 
32 
diakinesis and metaphase-I cells of normal and 21 mutant (M2, M3 generations) 
plant types of Sesamum indicum L. secondary polyploidy has been attributed as 
the possible cause of secondary association of chromosomes and the basic 
chromosome number in the species has been suggested to be x=8 with probable 
allopolyploid origin. 
Tyagi (2003) recorded cytomixis during microsporogenesis in a 
tetraploid (2n=4x=48) genotype of spearmint {Mentha spicata L.), an aromatic 
plant of the family Lamiaceae. The phenomenon of cytomixis was observed in 
leptotene to pachytene stages of the first meiotic prophase. The migration of 
nuclear content involved all the chromosomes or some of the chromosomes of 
the doner cell. The occurrence of PMCs with chromosome numbers deviating 
from the tetraploid number (2n=48), derived from the process of cytomixis 
indicated the possibility of aneuploid and polyploid gamete production. The 
pollen fertility was affected and it seems possible that genetic factors might 
have also contributed towards the pollen sterility. 
Sharma et al. (2004) studied the effect of different doses of gamma rays 
and ethyl methane sulphonate on meiotic behaviour of chickpea. A dose 
dependent increase in meiotic irregularities and sterility was observed at all the 
individual and combined dose treatments; however, combined treatments 
proved to be more efficient. Radiation induced sterility was attributed to cryptic 
deletions and specific gene mutations, while the sterility caused by EMS and 
combined treatments could be attributed to chromosomal aberrations. 
Verma et al. (2004) induced in broad bean {Vicia faba L.) seven 
translocation heterozygotes (5 with gamma rays and 2 with EMS treatment) 
and 2 paracentric inversion heterozygotes (in gamma ray treated materials). 
Three of the trnnslocation heterozygotes involved the metacentric chromosome 
pair whereas the remaining 4 had translocation in the acrocentric chromosome 
pairs. The induced translocations showed a ring or chain of 4 chromosomes in 
most of the PMCs at diakinesis / metaphase-T. The paracentric inversions were 
detected as a distinct bridge, and fragment or loop-fragment observed at meiotic 
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anaphase I/II. All the induced mutants showed reduced vigour, less number of 
basal branches, delayed flowering, low flower number, low pollen fertility, 
reduced number of pods and low seed set as compared to those in control 
plants. 
Bhat et al. (2005a) provided a relative account of cytological and 
developmental effects of gamma rays, EMS and ^4MS on meiotic features and 
pollen fertility in Vicia faba L. Studies undertaken in Mi generation on the 
variety minor of this species showed that both the physical and chemical 
mutagens elicit various kinds of chromosomal aberrations and reduction in 
pollen fertility. Such effects were dose dependent and positively correlated 
with dose/concentration. However, the induction of meiotic aberrations was 
observed to be higher under MMS treatments followed by gamma rays and 
EMS, suggesting that MMS could be more effective in inducing genetic 
variability followed by gamma rays and EMS in this crop. 
Bhat et al. (2005b) studied the relative effects of EMS and MMS on 
meiosis and pollen sterility in Vicia faba L. var. major in Mi generation. 
Meiotic studies revealed various aberrations like stickiness, laggards, bridges, 
precocious separations, disturbed polarity, cytomixis and non-synchronisation. 
Stickiness of chromosomes was the most common aberration followed by 
bridges and precocious separation. Among the different stages of meiosis the 
frequency of chromosomal aberrations was maximum at metaphase-I stage and 
showed a linear increase with increase in concentration, with both the 
mutagens. However, MMS induced maximum frequency of aberrations than 
EMS. Pollen sterility was the cumulative result of various meiotic aberrations. 
Datta et al. (2005) recorded persistent occurrence of cytomixis during 
microsporogenesis in control and mutagen treated Mi plants/progenies of 
Ocimum basilicum L. (2n=72, family; Lamiaceae) and W. somnifera (L.) Dun 
(2n=48; family; Solanaceae). The phenomenon was observed in prophase-I and 
metaphase-I cells. Nature of cytomixis has been observed to be similar in both 
plant species. Cytomixis was exhibited only in few groups of cells in a 
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microsporophyll (4 to 8 clusters). Those cells in clusters (number of cells in 
clusters: 2 to 8 in O. basilicum and 2 to 4 in W. somniferd) were either 
anucleated or with deficient and with extra chromosomes than normal; while 
most of the cells in microsporangium were not involved in cytomixis. 
Joshi and Verma (2004) isolated one medium strong asynaptic mutant of 
Vicia faba L. (2n=12) from M2 population of 0.2% EMS treated seeds. At 
diakinesis/ metaphase-I of meiosis number of univalents ranged from 2-8 in 
90% PMCs in M2 and 2-4 in 44% of PMCs in M3. A significant decrease in the 
number of chiasmata in this plant as compared to the control was found. The 
metacentric chromosome pair did not show univalents. The pollen fertility was 
also reduced by 35%. The inheritance of this asynaptic mutant was probably of 
monogenic recessive type. 
Mukherjee and Datta (2005) performed meiotic analysis in O. basilicum 
L. (2n=72) and O. tenuflorum L. (2n=36) and demonstrated persistent presence 
of secondary association of chromosomes in 94.74 and 85.16 percent 
metaphase-I cells respectively. Secondary polyploidy has been attributed as the 
possible cause of secondary association of chromosomes and the basic 
chromosome number for both species has been suggested to be x=12 with 
probable origin from primitive base number x=6 through polyploidy. 
Bhat et al. (2006b) reported cytomixis during microsporogenesis in 
various stages of meiosis in methyl methane sulphonate (MMS) treated 
populations of Vicia faba L. Cytomixis was observed to occur through various 
methods, i.e., by forming cytoplasmic channels and direct fusion of pollen 
mother cells. The migration of nuclear content involved all the 
chromatin/chromosomes or part of it jfrom donor to recipient cell/cells. The 
occurrence of PMCs with chromosome numbers deviating from diploid number 
(2n=12) through the process of cytomixis lead to the production of aneuploid 
cells in all the populations treated with various concentrations of MMS. 
Increasing concentrations of MMS had a positive effect on the percentage of 
PMCs showing cytomixis. The level of pollen fertility was found to be affected 
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by cytomixis and chromosome stickiness. It seems possible that genetic factors 
might have also contributed towards pollen sterility. 
Bhat et al. (2006) carried out the meiotic studies in two varieties of 
Vicia faba L. viz., major and minor after treatment with different 
concentrations of EMS. Different types of meiotic abnormalities such as 
stickiness, univalents, multivalents, unorientation of chromosomes, precocious 
separation of chromosomes at metaphase, bridges, laggards and unequal 
separation of chromosomes at anaphase were recorded. The meiotic aberrations 
in both the varieties were dose dependent, however, Vicia faba L. variety minor 
showed more chromosomal aberrations as compared to Vicia faba L. variety 
major at the same treatment. 
Bhat et al. (2006a) studied the relative effects of EMS on meiosis and 
pollen fertility in Vicia faba L. var. minor in Mj generation. Meiotic studies 
revealed various aberrations like stickiness, laggards, bridges, precocious 
separations, disturbed polarity, cytomixis and non-synchronisation. Stickiness 
of chromosomes was the most common aberration followed by bridges and 
precocious separation. Among the different stages of meiosis the frequency of 
chromosomal aberrations was maximum at metaphase-I stage and showed a 
linear increase with increase in concentration of the mutagen. Pollen sterility 
was the cumulative result of various meiotic aberrations. 
2.6 MU1AGENIC EFFECTIVENESS AND EFFICIENCY 
The usefulness of any mutagen in plant breeding depends not only on its 
effectiveness but also upon its efficiency. Mutagenic effectiveness is a measure 
of frequency of mutations induced by unit mutagen dose, whereas, mutagenic 
efficiency is the measure of proportion of mutations in relation to undesirable 
changes like lethality, injury, sterility, milotic and meiotic cliromosomal 
aberrations etc. Synergistic as well as antagonistic effects may occur when 
various physical and chemical mutagens are used in combination. 
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Effectiveness and efficiency of different mutagens vary distinctly. 
Ethylene imine has been reported to be more effective and efficient than 
gamma rays (Blixt, 1964). MMS recorded the higher mutagenic effectiveness 
in rice (Rao and Rao, 19&3) whereas, gamma rays were found to be more 
efficient than EMS in chilli (Rao et al, 1991). Dixit and Dubey (1986) 
observed that NMU treatment was 2-5 times more efficient in comparison with 
gamma rays, whereas combined treatments showed a higher efficiency than 
respective individual treatments. Higher efficiency of combination treatments 
has also been reported in barley (Khalatkar and Bhatia, 1975). Khan (1999) 
studied the effectiveness and efficiency of EMS, gamma rays and their 
combination in black gram. Lower doses of mutagens were found more 
effective, while gamma ray treatments were more efficient than EMS and 
combined treatments in producing chlorophyll mutations. Lower doses of 
physical and chemical mutagens and their combinations were found more 
effective and efficient by many workers (Prasad, 1972; Sharma and Sharma, 
1981a). Chemical mutagens have been reported to be more effective in causing 
mutations as compared to gamma rays and combined treatments by many 
workers (Swaminathan et al. 1962; Solanki, 1991; Bhattacharjee et al, 1998). 
Jagtap and Das (1976) studied the effectiveness and efficiency of four non-
functional alkylating agents (EMS, dES, MES and EI) in barley. dES was 
found more efficient than EMS, MES and EI in relation to lethality only, 
whereas MES was the most efficient in relation to lethality only, whereas, EMS 
was the most efficient in relation to sterility as well as in producing high 
frequency of mutants per mutation. On the other hand, the factor of 
effectiveness i.e., mutations per 100 treated seeds was highest in ethylene 
imine. It has been reported that among the monofunctional mutagens, 
methylating agents are more toxic and thus, need to be used only at lower 
concentrations (IAEA, 1970) as against ethylating agents that are reported to be 
less toxic and can be applied at relatively higher concentration to yield more 
mutations at equimolar concentrations. 
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Comparative mutagenic effectiveness and efficiency of physical and 
chemical mutagens in chickpea has been reported by Kharkwal (1998a). 
Chemical mutagens have been found to be more efficient in inducing 
chlorophyll as well as viable and total number of mutations. NMU in particular 
was found not only to be effective but also efficient than gamma rays and 
EMS. 
Rao and Rao (1983) utilized the two varieties of rice, namely Telia 
hamsa and IR-24 to study the mutagenic efficiency, effectiveness and factor of 
effectiveness by physical (gamma rays) and chemical mutagens (HA, NMU 
and MMS) in rice. The frequency of chlorophyll mutants in M2 generations and 
mutants per mutation showed similar trend in physical and chemical mutagen 
treated population of Telia hamsa but differed in lR-24. The frequency of 
chlorophyll mutations was highest in medium fertile group of gamma treatment 
in both the varieties. Whereas in chemical mutagen treated population the 
frequency was highest in high fertile group in Telia hamsa and in medium 
fertile group in lR-24. Chemical mutagens were markedly effective than 
physical mutagens in the production of chlorophyll mutants in both the 
varieties. The factor of effectiveness was uniformly high in gamma treatment 
over chemical mutagens in lR-24, whereas in Telia hamsa the chemical 
mutagen MMS recorded the highest followed by gamma rays. 
Sharma (1990) compared the mutagenic effectiveness and efficiency of 
gamma-rays with the NMU, EMS and NaNs in M2 and M3 generations of large 
seeded macrosperma lentil. NMU was 1.25-2.00 times more effective than 
gamma-rays, EMS and NaNs in M2 generation. It was also the most efficient 
mutagen. The next effective and efficient mutagen was gamma rays, followed 
by EMS and NaNs. The results were consistent in M3 generation. The 
magnitude of effectiveness (Mp/dose) was higher in M2 than M3, while the 
reverse was true for effectiveness (MS/dose). The estimates of efficiency 
(MP/1 or MS/1) were higher in M2 than M3 generation. 
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Reddi and Suneetha (1992) treated the three cultivars of rice with 
sodium azide and two alkylating agents EMS and MMS with a view to find out 
the frequency, spectrum, efficiency and effectiveness of chlorophyll mutations 
in relation to the genotype and the nature of the mutagen. Chlorophyll mutation 
frequency was enhanced with increasing dose but dropped at very high doses. 
Among the chlorophyll mutants induced viridis type formed the majority class. 
Effectiveness decreased with increase in dose with a few exceptions. Efficiency 
was more in the alkylating agents treated populations. 
Tickoo and Chandra (1999) treated two varieties of mungbean with 
k 
three chemical mutagens and gamma rays. Observation on six characters were 
recorded for overall variance, interfamily variance and character means in M2 
and M3 generations. All mutagen doses induced significant variability. Mean 
values showed a negative shift for most of the characters in M? plants with 
desirabre attributes were selected from M2 families showing higher CV and 
mean values than the highest corresponding values from the respective control 
group of families. Selection in M2 was effective as mean values in M3 shifted in 
positive direction and in M3 interfamily variance increased over corresponding 
M2 treatments. In M3 along with the positive shift of mean values, both 
interfamily and overall variance were still significantly higher than the 
respective control values indicating scope for further selection and 
improvement of characters governed by polygenes. 
2.7 CHLOROPHYLL MUTATIONS 
Chlorophyll mutations are considered as one of the most dependable 
indices for evaluating the genetic effects of different mutagens in several crops 
(Gustaffson, 1951) and are used as genetic markers in basic and applied 
research (Reddy and Gupta, 1989). Different types of chlorophyll mutations 
such as albina, Xantha, viridis, maculata, striata, chlorina etc. have reported in 
several crops by using physical and chemical mutagens (Matsumura, 1962; 
Swaminalhan et ul. 1962; Goud el ul. 1970; Rcddy and Annadurai, 1991; Das 
and Kurdagrami, 2000). 
39 
Prasad and Das (1980c) observed different types of chlorophyll 
mutations viz., albina, xantha, albo-xantha, xanthalba, alboviridis, virescence, 
chlorina, albescence, tigrina and maculata in six varieties of Lathyrus sativus L. 
The spectrum of chlorophyll mutations was found to be dependent on the 
genetic background of the genotype. Moreover, chlorophyll mutation frequency 
increased with the increase in dose of gamma rays both individually as well as 
in combination with MES in all the varieties. Contrary to this, Mitra and 
Bhowmik (1999) reported that lower doses of gamma rays and EMS showed 
wider spectrum of chlorophyll mutations in Nigella sativa L. Sharma (1970) 
reported that chlorophyll mutation frequency decreased at higher doses when 
calculated on segregating Mi families basis. However, on the basis of M2 plants 
a progressive increase with the increase in EMS doses was observed. Several 
workers have reported differential varietal response for the induction of 
chlorophyll mutations (Prasad and Das, 1980c; Singh et al. 1999; Das and 
Kundagrami, 2000). Sharma and Sharma (1981a) observed no varietal or 
mutagenic differences with regard to the spectrum and relative proportion of 
chlorophyll mutations. 
Chemical mutagens in general, have been reported to be more effective 
than physical mutagens in inducing maximum chlorophyll mutations (Reddy, 
1989; Kharkwal, 1998b; Singh et al, 2000a). Combination treatments of 
physical and chemical mutagens alter the mutation frequency and spectrum 
(Amason et al., 1963; Favert, 1963, Bhat et al., 2007). Singh et al. (1999) 
reported that combined treatments of gamma rays and EMS were most 
effective in producing chlorophyll mutation frequency than their individual 
treatments in Vigna mungo. Sharma (1969) reported synergistic effects of 
gamma rays and EMS on chlorophyll mutation frequency in barley. Synergistic 
effect of combined treatments of gamma rays and EMS for the induction of 
chlorophyll mutations in barley was also reported by Khalatkar and Bhatia 
(1975). Similar synergistic effects were also reported in blackgram (Gautam et 
al., 1992) in the combination treatments of gamma rays and EMS. Thakur and 
40 
Sethi (1995) reported that frequency of chlorophyll and viable mutations were 
2-3 times higher in NaNa than in EMS and gamma rays treatments in barley. 
Similarly, the frequency was higher in combination treatments of NaNs and 
gamma rays than in the combination of EMS and gamma rays. 
In chickpea, different workers have reported higher chlorophyll 
mutation frequency around 200-400 Gy gamma rays and 0.3% EMS 
(Kharkwal, 1980; Singh, 1988a). In general, EMS treatments induced more 
mutations as compared to gamma ray treatments in chickpea as in case of many 
other plant materials. It is generally believed that ionizing radiations induce 
high frequency of 'albina' type of chlorophyll mutations (Gustaffson, 1963). 
However, in chickpea all chlorophyll mutants including albina type were in 
general more frequent in EMS treatments than in gamma rays (Singh, 1988a). 
Reddy and Gupta (1989) induced mutations in four hexaploid triticale 
varieties (Beagle, Coorong, TL-419 and Welsh) by gamma rays (10, 20, and 30 
kR) and EMS (0.5%, 8h and 16h). Ten different kinds of monogenic 
chlorophyll mutants, including two new types-redina and white-virescens were 
observed in M2 and M3 generations. Mutation frequency increased with 
increase in mutagenic dose. The chemical EMS produced high frequency of 
mutation in comparison to gamma rays. 
Gautam et al. (1992) studied frequency, effectiveness and efficiency of 
gamma rays, ethyl methane sulphonate (EMS) and synergistic effects of their 
combination in T-9, an improved variety of black gram. Gamma rays were 
more effective than EMS. However, EMS was 2-2.5 times more efficient than 
gamma rays. There was a progressive increase in mutation frequency of 
chlorophyll and viable mutations with the increase in gamma rays and EMS 
doses. Synergistic effects were observed for increasing mutation frequency in 
M2 generation in combination treatment of gamma rays with EMS. 
Kharkwal (1998b) reported highest frequency of albina followed by 
chlorina and xantha after treatments with physical and chemical mutagens in 
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chickpea. An earlier study in chickpea (Lysikov et al., 1967) reported higher 
frequency of chlorophyll mutations in combined treatments of physical and 
chemical mutagens. The frequencies of the various types of chlorophyll 
mutations in different varieties with different mutagens have been found 
markedly different. 
John (1999) studied the effects of gamma rays on mutation frequency 
and chlorophyll mutations in cowpea {Vigna unguiculata (L.) Walp.), parents 
and their Fi hybrid at different doses. The mutation frequency increased 
gradually up to moderate doses of gamma rays and the highest frequency rate 
was found in the variety Co 4 on Mi plant basis. The frequency was dose 
dependent. The mutant viridis was more frequent in the total spectrum, while 
chlorina and xantha were in equal proportions, followed by albina and alba-
viridis. The mutagenic effectiveness was higher with high doses in Co 4 and 
with moderate doses in C 152 as well as their hybrid. However, efficiency was 
maximum when calculated on lethality basis, followed by injury and sterility 
bases. In cowpea 50 kR of gamma rays was found to be the most efficient dose. 
Kharkwal (1999) made a comparative study of frequency and spectrum 
of chlorophyll mutations induced by two physical (gamma rays and fast 
neutrons) and two chemical mutagens (NMU and EMS) in relation to the 
effects of Ml plants and induction of mutations in M2 was made in four 
chickpea {Cicer arietinum L.) varieties, two desi (G130 and H214) one Kabuli 
(C 104) and one green seeded (L 345). Chemical mutagens were more efficient 
than physical in inducing viable and total number of mutations. Among the 
chemical mutagens NMU was the most potent, while among the physical 
mutagens, gamma rays were more effective. Green seeded var. L 345 was most 
responsive for mutations while the Kabuli var. C 104 was least suitable. Major 
differences in the mutagenic response of the four cultivars were observed. The 
desi varieties were more resistant towards mutagenic treatment than Kabuli and 
green seeded types. 
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Nandanwar et al. (2001) studied the mutagenic effectiveness and 
efficiency of different doses of gamma rays (40, 50, and 60 kR), ethyl methane 
sulphonate and hydroxylamine (0.1, 0.2 and 0.3%) in two cultivars of mung 
bean. Conclusively, effectiveness of gamma rays did not show any dose 
dependent increase and 50kR dose was found to be more effective in both the 
varieties. However, the effectiveness of lower doses of chemical mutagens was 
found more effective on M2 plant progeny basis. In general, gamma rays were 
most effective than chemical mutagens, EMS was superior over HA. The 
mutagenic efficiency increases with the increase in the dose of all the mutagens 
studied in both the varieties. 
Waghmare and Meh'ra (2000) assessed the spectrum and frequency of 
chlorophyll mutations in M2 generation in P27 an improved cultivar^  of 
Lathyrus sativus with a range of gamma rays (50, 100, 150, 200, 250, 300, 350 
and 400 Gy) and ethyl methane sulphonate (EMS 0.5% (2h and 4 h), 1.0% (2h 
and 4 h) doses. Both, gamma rays and EMS induced a wider spectrum of 
chlorophyll mutations. Certain chlorophyll mutations such as clorina, followed 
by chlorotica and xantha were found more frequent than others, indicating 
preferential induction of certain type of mutation. Fairly high frequency of 
chlorophyll mutants was obtained with EMS than in gamma rays. Dose 
dependent increase in chlorophyll mutations rate was observed based on plant 
population and segregating progenies in M2 generation. Majority of segregation 
progenies yielded only one type of chlorophyll mutation and with an increase 
in the number of mutational events frequency of segregating families reduced. 
Both mutagenic effectiveness and efficiency were higher at lower doses of the 
mutagen. Mutagenic effectiveness, a measure of the frequency of mutations 
induced per unit dose of mutagen, and mutagenic efficiency, proportion of 
mutations in relation to undesirable effects, were higher with EMS treatments 
indicating EMS as more effective and efficient mutagen than gamma rays. 
Koli and Rarokrishna (2002) under took a systematic and comparative 
study of mutagenic effectiveness and efficiency of gamma rays, ethyl methane 
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sulphonate (EMS) and sodium azide (employed singly and in combination) 
based on frequency and spectrum of chlorophyll and macromutations in M2 
generation in fenugreek. The results indicated that effectiveness of treatment 
O.SOmM sodium azide was found most effective whereas, 0.45 percent EMS 
was found most efficient as compared to other treatments. Overall, higher 
effectiveness and efficiency of mutagens were recorded in sodium azide and 
gamma rays, respectively. In general effectiveness and efficiency decreases 
with the increase in doses or concentrations of mutagens. The effectiveness and 
efficiency showed differential behaviour in order to their relationship with 
mutation rate (positive relation in physical mutagen i.e., gamma rays and 
negative relation in chemical mutagen i.e., EMS and sodium azide). 
Wani and Anis (2004) made a comparative study of the frequency and 
spectrum of chlorophyll mutations induced by gamma rays (15, 20, 30 and 
40kR), EMS (0.1%, 0.2%, 0.3% and 0.4%) and combinations (20kR+0.2% 
EMS, 30kR + 0.2% EMS, 20kR + 0.3% EMS, 30kR+ 0.3% EMS) in M2 
generation in two varieties of chickpea viz., pusa-212 and pusa-372. Six 
different types of chlorophyll mutants viz., albina, chlorina, maculata, tigrina, 
virescence and xantha were identified in the treated populations. Chlorophyll 
mutation fi-equency was calculated on plant population basis. Frequency of 
xantha mutants was highest followed by chlorina and other types. Combination 
treatments in general proved to be most effective followed by EMS and gamma 
rays in inducing maximum frequency of chlorophyll mutations (Gamma rays + 
EMS>EMS> Gamma rays). A significant variation in varietal response was 
observed. The coefficient of interaction was less than additive, but synergistic 
effect was also observed. 
2.8 MUTATIONS AFFECTING PLANT MORPHOLOGY 
The availability of ample genetic variability is pre-requisite for 
attempting selection in plant breeding to develop desired plant types in any 
crop. Several induced morphological mutations have been reported in literature 
showing alterations in the morphology of various plant parts. 
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Singh (1988a) isolated 25 types of morphological mutants for plant 
habit, stem, leaf, height, flower and seed characters. Generally, physical 
mutagens induce more morphological mutations and chemical mutagens induce 
more chlorophyll mutations (Gaul, 1960; 1964). Contrary to this, Singh 
(1988a) observed that EMS induced marginally more morphological mutations 
than gamma rays. Pleiotrophic effect of morphological mutations was reported 
by Deshmukh et al. (1972). According to Blixt (1972b) morphological changes 
are either as a result of pleiotrophic gene action or of cryptic chromosomal 
deletions, 
Variation in size, texture, type and modification of leaf parts have been 
reported by many workers (Patil, 1966; Venkatarajam and Subhash, 1986). 
Several workers have also reported mutants for plant height, maturity period, 
branching, seed and pod mutants (Raisinghani and Mahna, 1994 in Vigna 
mungo; Mary and Jayabalan, 1995 in Sesamum indicum). Singh et al. (1999) 
isolated several macromutations affecting different morphological characters in 
Vigna mungo L. after treatments with gamma rays and EMS. Gamma rays 
induced bold seeded mutant was reported in Vigna mungo (Singh, 1996) and 
broad bean (Bhat et al, 2006). Singh et al. (2000a) reported that some of the 
morphological mutations like foliage and growth habit appeared more 
frequently than other types in mungbean. The frequency of viable mutations 
has been found to increase with increase in the dose of EMS, NaNs and their 
combinations with gamma rays (Thakur and Sethi, 1995). Sharma (1970) 
reported synergistic effect for viable mutations at lower combination treatments 
as against the additive effect observed at the higher doses. He further reported 
that the combination treatments changed the spectrum by inducing more 
mutation types that were not observed in the separate treatments. 
In chickpea, morphological mutants have been isolated for leaf shape 
(Kharkwal, 1981a), plant habit (Kharkwal, 1981b), growth habit, maturity, seed 
size (Vanniarajan et al, 1993). Seed weight and total pods per plant (Khanna, 
1981) and flowering period (Haq et al 1989). Mutants have been isolated after 
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seed treatment with physical and chemical mutagens. A wide range of mutants 
affecting habit, pod distribution, seed size and shape, earliness and resistance to 
Ascochyta rabiei were also obtained in chickpea due to seed treatment with 
gamma rays and EMS (Dekov and Radkov, 1982). 
Solanki (2005) isolated twelve kinds of morphological mutations 
included changes for growth habit (compact, bushy, prostrate) foliage (narrow, 
broad, rogue, tendrillar) plant height (tall, dwarf) maturity and flowering 
behaviour (early, late, sterile) in lentil by EMS and SA treatments. The 
mutations for growth habit and foliage were induced with higher frequency by 
EMS, whereas those for plant height and maturity and flowering behaviour 
were induced with higher frequency by SA on the basis of sterility, SA was 
found more effective and efficient than EMS. 
2.9 DESIRABLE MUTANTS 
Isolation of desirable mutants showing improvement over parent 
genotype for different characters of interest is one of the important aspect of 
induced mutagenesis. Several workers have reported induced variability for 
protein content in different crops (Banerjee and Swaminathan, 1966 and 
Singhal et al, 1978 in bread wheat; Siddiq et al, 1970 in Oiyza saliva-, Doll, 
1972 in barley; Singh and Axtel, 1973 in Sorghum; Balint et al., 1970 in maize; 
Farooq and Nizam, 1979b in chickpea). 
Kharkwal (1998c) induced wide range of variability for crude protein 
content in chickpea through treatments with physical and chemical mutagens. 
Increased seed protein content due to mutagenic treatments was also reported 
by Abo-Hegazi, 1980. 
Bhat et al. (2006) reported induced pod and seed mutants at lOkR of 
gamma rays and a closed flower mutant at 0.04% of MMS in Vicia faba L. 
vai'iety minor. The induced pod and seed mutant was isolated in Mi generation 
and its breeding behaviour was studied by raising M2 and M3 generations. The 
closed flower mutant was isolated in M2 generation and showed premature fall 
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of flowers and leaves and was completely sterile. No pod and seed setting was 
observed in this mutant. The floral parts did not developed normally. The 
detailed cytological investigation showed no visible chromosomal changes 
associated with pod and seed mutant, thus were characterized as "gene 
mutations". While as the various chromosomal aberrations such as 
multivalents, stickiness, precocious separation, fragments, laggards. Bridges, 
non-synchronisation, non-disjunction, disturbed polarity, micronuclei etc. were 
observed in closed flower mutant which suggest the floral abnormalities may 
be due to chromosomal rearrangements. 
Since there is ever increasing demand for improvement in yield of 
pulses including the broad bean, mutants for increased yield have also been 
reported by several workers. The mutants showed higher yield in comparison to 
normal cultivars (Rao, 1988; Hussan and Khan, 1991). Besides gamma 
irradiation derived mutants, Ivannikov and Moraru (1968) isolated the mutants 
for increased yield through chemical treatments. Some high yielding mutants in 
chickpea after treatments with physical and chemical mutagens have been 
reported by Kharkwal (1981a). 
2.10 INDUCED VARIABILITY FOR QUANTITATIVE TRAITS 
The inheritance of quantitative character is controlled by the interaction 
of many genes or polygenes, out of which each single gene contributes little to 
the total phenotypic variability. In crop improvement program, it is the 
quantitative variation for yield and its component traits that is important to a 
plant breeder. In recent years, the role of mutation breeding in increasing the 
genetic variability for polygenic characters in a number of crops have been 
proved beyond doubt (Ignacimuthu and Babu, 1993; Solanki and Sharma, 
1999; Waghmorc and Mchra, 2000). 
The significance of micromutations in the evolution was first recognized 
and emphasized by Baur (1924) and later it has been studied by many workers 
in different crop plants. Gaul (1965) has emphasized the significance of 
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micromutations in plant breeding by stating that all the morphological and 
physiological characters are affected by micromutations and they might have 
higher mutation rates than the macromutations. Several workers have so far 
reported encouraging results about the induction of useful quantitative 
variability in different crop plants viz., Shah et al. (1986) in chilli; Khan 
(1984), Mehetre et al. (1990), Tickoo and Chandra (1999) in mungbean; 
Sharma and Sharma (1981) in lentil and Singh et al. (2000b) in urdbean etc. In 
chickpea, different workers have reported increased variability for different 
agronomic characters in mutagen treated populations as observed by significant 
changes in the mean and coefficient of variability in comparison to control. 
Majority of the results suggest a negative shift (Singh, 1988a) although in some 
cases positive shift was also observed (Mandal, 1974; Kumar et al, 1981). 
Increased variability in the form of high heritability and genetic advance 
for different quantitative characters have been reported by many workers (Rao 
et al, 1988; Nayeem and Gharim, 1990; Sharma et al, 1990; Ignacimuthu and 
Babu, 1993; Srivastava and Singh, 1993). Gamma ray induced mutagenic 
variability in chickpea was reported by Kale et al (1980). Variability was 
considerable for most of the traits and high heritability estimates with high 
expected genetic advance was found for yield and 100 seed weight. Number of 
pods per plant, plant height and 100-seed weight showed positive association 
with yield. 
Sarkar and Sharma (1987) recorded increased variability over control in 
all the mutagenised populations. The characters like flowering duration, 
primaiy branches per plant, effective peduncle per plant, pods per plant and 
seed yield per plant exhibited more variability than seeds per pod and 1000-
seed weight in M2 generation. Among the mutagens, EMS and NEU induced 
greater variability for most of the characters than gamma rays and sodium azide 
(SA). The interfamily analysis revealed a great deal of heterogeneity among 
different M2 families in each mutagenized population using coefficient of 
variability as a selection parameter. It was possible to isolate the mutated 
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families in each population, and taking coefficient of variability and mean 
together. A number of families were identified (out of the mutated families) as 
promising for multiple characters with the frequency : 80.6% with NEU, 75.3% 
with EMS, 72.2% with SA and 64.0% with gamma rays. Promising M2 plants 
were selected for multiple characters through intrafamily selection in the 
exceptionally promising families with different mutagens in the order of 
NEU>EMS>SA> gamma rays. 
Singh and Mohapatra (1997) in an induced mutation study in blackgram 
digitonin was applied as a pretreatment chemical just before the treatment with 
the mutagen, ethyl methane sulphonate (EMS) to enhance the mutagenic effect 
of EMS through greater uptake of the mutagen into the cells. The M2 
populations were screened for macro-and micro-mutations. The frequency and 
spectrum of total macro-mutations were substantially increased by digitonin-
EMS treatment compared to EMS treatment alone. There was also an increase 
in micro-mutations by digitonin pretreatment for almost all the quantitative 
characters except seeds per pod and single plant yield. 
Gaur and Gaur (1999) induced in chickpea (Cicer arietinum L.) a 
fascinated mutant characterized by broad and flat stem, irregular leaf 
arrangement and clustering of pods at the stem tip through mutagenesis with 
ethyl methane sulphonate (EMS). It was isolated in the M2 derived from seeds 
treated with 0.4% EMS for 6h. The mutant had delayed maturity, larger seed 
size and yielded less as compared to its parental cultivar. It was designated as 
'Jawahar gram mutant-2' (JGM-2). The fasciation was found to be governed by 
a single recessive gene which segregated independently of the loci slv (simple 
leaf) mlv (multipinnate leaf), blv (bronze leaf) and B (blue flower). The 
fasciation has been transferred to different genetic background. 
Nayeem et al (1999) analysed storage seed proteins of nine wheat 
mutants derived from recurrent irradiation along with parent "Sharbati" by 
sodium dodecyl sulphonate polyacrylamide gel electrophoresis (SDS-PAGE). 
Low similarity index (58-75) between the mutants and parent 'Sharbati' 
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revealed a wide variability of electrophoretic pattern of water soluble protein 
(glutenin). Induced mutants possessed identifiable seedling morphological 
characters and specific bands of storage protein. These mutants were important 
source of breeding materials, especially for improvement of protein quality of 
bread wheat. 
Singh et al (1999) observed the mutagenic effects of gamma rays (10, 
20, 30 and 40kR) and ethyl methane sulphonate (0.01, 0.02, 0.03 and 0.04M) 
alone or in combination (10kR+0.02M, 20kR + 0.02M, 30kR + 0.02M and 
40kR + 0.02M) on frequency and spectrum of chlorophyll and macromutations 
in two cultivars, namely PDU, and T-9 of urdbean have been observed. 
Conclusively, the combination treatments have yielded the higher frequency 
and spectrum of chlorophyll mutations whereas the various doses of mutagenic 
agents have independent response towards macromutations in both the 
cultivars. 
Verma et al. (1999) exposed three varieties of Lens culinaris Medik viz., 
KL-127, KL-133 and T-8 to gamma rays at different doses. The response of 
each variety was different. The biological and economic characters were 
affected. The meiosis was unaffected in the var. T-8 but var. KL-133 was 
affected resulting in the occasional clumping of chromosomes. However, in the 
var. KL-127 only the stickiness of chromosomes was observed. 
l^thod et al. (2004) treated the seeds of two varieties of soyabean 
{Glycine max L. Merrill) viz., Monetta and MACS-13 with ethyl methane 
sulphonate (0.3 and 0.6%) and gamma rays (20 and 25 kR) with the aim to 
induce mutation. Mutation frequency increased with increase in doses of EMS 
and gamma rays. The frequency of induced mutation was greater in Monetta 
than MACS-13. The economical mutants showing characters of early maturity, 
high oil content and high yield were isolated from Monetta and MACS-13 
treated with 0.6% ethyl methane sulphonate. In general gamma rays showed 
higher mutagenic effectiveness than ethyl methane sulphonate in both the 
varieties. 
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Kharkwal (2001) generated a wide range of induced polygenic 
variability in the form of micromutations in M2 and M3 generations of 
chickpea. Treated M2 population showed a much greater range of variability for 
all the characters than the controls. High magnitude of increased ranges of 
variability towards positive side showed that some extremely useful variability 
has been induced followed mutagenic treatments. Mutagens were equally 
effective in generating variability for quantitative characters and showed a 
differential response to the different varieties. In general, chemical mutagens 
were found to be relatively more efficient than physical in generating 
variability in M2 and M3 generations. In M3 the coefficient of variability was 
considerably lower than in M2 for most of the characters suggesting that 
selection technique employed in M2 was highly effective and played a key role 
in shifting useful variability in the positive direction to M3 generation. The 
usefulness of induced variability was also evident from the higher estimates of 
heritability and genetic advance in M2 and M3 populations. The study also 
revealed that characters such as grain yield, number of pods and grains per 
plant, grain weight and biological yield showed a higher response to mutagenic 
treatments indicating that remarkable opportunities exist for marked 
improvement of these polygenic characters in chickpea. 
Singh at al (2001) evaluated the extent of genetic variability in the four 
quantitative characters in M2 generation following mutagenesis with gamma 
rays, Ethyl methane sulphonate (EMS) and Epichlorhydrin (ECH) in mung 
bean. The range of induced variability was assessed by basic statistics such as 
range, mean, variance and coefficients of variation, heritability and genetic 
advance. Estimates of heritability and genetic advance increased significantly 
in the treated populations and varied from trait to trait, combination of higher 
value of heritability and genetic advance were noticed for the characters like 
pods/plant, seeds/pods and yield/plant. 
Gaikwad and Kotheker (2003) treated the seeds of two lentil cultivars, 
L-4611 and L-4639 with 3 different concentrations of 2 chemical mutagens, 
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ethyl methane sulphonate (EMS) and sodium azide (SA). Nine morphological 
mutants were isolated in M2 and M3 generations. These morphological mutants 
were named on the basis of the part of the plant body affected. Among them the 
early maturity, high yielding and bold seed type mutants have the potential to 
be incorporated into breeding programs. 
Girhe and Choudhary (2002) treated the seeds of variety pusa-24 of the 
pulse, Lalhyrus sativus L. with various doses/concentrations of physical 
(gamma rays) and chemical (SA and EMS) mutagens. Various morphological 
mutations were recorded in the M2 and M3 generations. These morphological 
mutations were characterized on the basis of the part of the plant body affected, 
based on this, 21 different morphological mutants were isolated. Among them, 
the important mutants from the point of view of breeding were high yielding 
and early flowering; whereas the pink, peach and white flower colour mutants 
were important from the ornamental point of view. 
Kharkwal (2003) mutagenised populations of desi (G130, H214), Kabuli 
(CI04) and green seeded type (L345) chickpea through gamma rays (400, 500 
and 600 Gy), fast neutrons (5, 10 and 15 Gy), N-nitroso-N-methyl urea (NMU) 
0.01% (20h) and 0.02% (8h) were evaluated for induced magnitude and 
directional changes in the associations and correlations in M3 generation. 
Correlation studies for all the 21 possible associations among seven characters 
in M3 showed clearly that the mutagenic treatments have succeeded in 
generating more favourable associations between various components of yield. 
Several highly significant directional changes towards desirable side were 
induced in correlation coefficients of character pairs in the mutagen treated 
populations. The magnitude and direction of change induced by a particular 
treatment varied according to variety and the mutagen used. Correlation 
analysis showed that grain yield was strongly associated with number of grains 
per plant, number of grains per pod, 100 seed weight and harvest index. The 
results also indicated that some of the undesirable negative correlations among 
yield components were not only broken but were changed significantly into 
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desirable positive ones. Some of the undesirable negative correlations among 
yield components existing in control populations viz., grain yield per plant vs. 
biological yield per plant and number of pods per plant and number of grains 
per plant vs. biological yield per plant, have been significantly weakened or 
decreased. 
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CHAPTER - 3 
Materials and Methods 
MATERIALS AND METHODS 
3.1 MATERIALS 
3.1.1 Varieties used 
The following two commercial varieties of broad bean {Viciafaba L.) 
were used in the present study. 
i) Viciafaba L. var. minor 
ii) Viciafaba L. var. major 
A brief description of the two varieties is given below: 
Table 3: Salient features of Viciafaba L. varieties used in the study. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Salient features 
Habit 
Leaves 
Pod character 
Seed character 
Flowering 
Maturity 
Adaptability 
Height 
Chromosomes 
number 
Var. minor 
Erect 
Green 
5-6cm (length, 4-
(girth) 
-5 cm 
Round, grey in colour 
87-97 days 
165-175 days 
All over India 
56-62cm 
12 
Var. major 
Erect 
Green 
6-7cm (length), 4.50-
5.50cm (girth) 
Round, grey in colour 
86-95 days 
160-170 days 
All over India 
47-54cm 
12 
The certified, healthy and dry seeds of the above mentioned two 
varieties of broad bean were procured from Genetics Division, Indian 
Agricultural Research Institute (L\RI), New Delhi. Both these varieties are 
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well adapted to the agro-climatic conditions of Uttar Pradesh, particularly the 
experimental site (University's Agricultural Farm, Aligarh). 
3.1.2 Mutagens used 
The following three types of mutagens were used separately as well as 
in combinations. The dose of each mutagen used in the present study is given 
intheTable-4. ^^'^^''''r'A^''^'PiS • 
3.1.2.1 Gamma rays 7 \ ' \ ) \ ^ 
1 ; 'cc. No t 
Air dried (8-10% moisture content) seed^ of the two broad ^ean 
varieties were exposed to different doses of gamma ray^^^H*•^QQ|0urce at 
the Nuclear Research Division, Indian Agricultural ResearcfriiSintute (lARI), 
New Delhi. 
3.1.2.2 Ethyl Methane Sulphonate (EMS), (CH3OSO2 CH2H5) 
A set of unirradiated as well as irradiated seeds were subjected to 
treatment with different concentrations of EMS (E. Merck India Ltd., grade-
AR) for separate and combination treatments respectively. 
3.1.2.3 Methyl Methane Sulphonate (MMS), (C2H6O3S) 
A set of unirradiated as well as irradiated seeds were subjected to 
treatment with different concentrations of MMS (SISCO Research Laboratories 
Pvt. Ltd. Bombay) for separate and combination treatments respectively. 
3.1.2.4 Mechanism of action of gamma rays and EMS 
i) Gamma rays 
Gamma rays are effective and efficient physical mutagen. They have 
shorter wave length and therefore, posses more energy per photon than x-rays. 
The unit of radiations is Roentgen (R-units) and are produced by the heavy 
isotopes of elements such as cobalt*^ *^ , p^ ^ etc. "^ "Co has a half life of 5.3 years 
with energy = 1.33 Mev (|j,,) or 1.17 Mev (112). When radiation passes through 
a matter it collides with its atoms in tissues/cells and cause the release of 
55 
electrons from the atom leaving there positively charged free radicals or ions. 
These ions in turn collide with other molecules causing release of further 
electrons. The net result is that a core of ions is formed along the track ofeach 
radiation as it passes through matter or living tissue. Since this process gives 
rise to ions or free radicals, it is called ionization and hence the name ionizing 
radiations. The increased reactivity of atoms present in DNA molecules is the 
basis of mutagenic effects of ionizing radiations. 
ii) Ethyl Methane Sulphonate (CH3OSO2C2H5) 
This chemical has been known to react particularly with the base 
guanine (Bautz and Freese, 1960). Krieg (1963) has shown that the reactivity of 
this compound witli three of the four bases decreases in the order of guanine, 
adenine and cytosine. Like any other alkylating agents, ethyl methane 
sulphonate can react with either phosphate group of nucleic acids or the purine 
bases especially the guanine of DNA molecule (Freese, 1963). The action on 
guanine base i.e. ethylation of N7 is inferred to be important pathway in 
mutations and chromosome breakage. The alkylation of pvirine in 7* position 
gives to quaternary nitrogens which are unstable. Either the alkyl group itself 
hydrolyses away from the purine or else the alkylated purine separates from the 
deoxyribose leaving it depurinated. Liberation of ethylated and methylated 
purines from DNA base has been observed (Bautz and Freese, 1960; Lett et al, 
1962). The gap might interfere with DNA duplication or cause the 
incorporation of a wrong base. Bautz and Freese (1960) from their 
experimental results and theoretical considerations strongly suggested the 
removal of guanine to be the main cause of mutations induced by ethyl 
methane sulphonate. 
iii) Methyl Methane Sulphonate (C2H6O3S) 
Among the numerous radiomimetic chemicals now known, the 
alkylating agents have been found to be the most potent in a wide array of 
organisms. Within the alkylating groups, MMS has been found to be a very 
56 
effective chemical mutagen; like other alkylating agents, MMS react with DNA 
by alkylating the phosphate group as well as purine and pyrimidine bases and 
create a gap in the DNA molecule causing mutation. It is a colourless liquid 
with a molecular weight of 110.13. 
3.2 PREPARATION OF MUTAGENIC SOLUTIONS 
One percent stock solution of EMS and MMS were prepared and from 
this stock solution different concentrations of EMS and MMS were prepared by 
using the formula SiVi = S2V2, where, 
Si = Strength of stock solution 
Vi = Volume of stock solution 
S2 = Strength of desired solution 
V2 = Volume of desired solution 
The specificity of action of chemical mutagen depends upon the 
particular conditions of treatment, the more important of which are temperature 
and hydrogen ion concentration. In the course of present study, EMS solutions 
were prepared by dissolving appropriate quantity of this chemical in Sorensen's 
phosphate buffer having a pH of 7.0 and the final pH adjusted to 7.0 by adding 
few drops of normal NaOH with the help of Backman's pH meter. 
3.2.1 Method of treatment with chemical mutagens 
Prior to the chemical' mutagenic treatment, the seeds were presoaked in 
distilled water for 12 hours at room temperature (25±1°C). After the presoaking 
period is over the seeds were kept on blotting paper so as to remove small 
droplets of water adhering to the surface of seeds. Thereafter, the seeds were 
treated wiih different concentrations of chemical mutagens for 6 hours. One set 
of seeds in each variety was kept untreated to act as control for comparison. 
Thus the control seeds, although not treated with the chemical mutagen; were 
exposed to the similar physiological conditions before sowing as that of the 
treated seeds. 
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During chemical mutagenic treatments, intermittent shaking was given 
throughout the treatment period to facilitate sufficient aeration. For uniform 
absorption, large quantities of mutagenic solution, approximately three times 
the volume of seeds (Konzak et al, 1965) were used. After the treatment period 
the treated seeds were thoroughly washed in running tap water for 1 hour to 
remove the residual effect of the mutagen sticking to the seed coat before they 
were sown in the nursery beds. 
3.2.2 Combination treatments 
la case of combination treatments the gamma ray doses viz. lOkR and 
20kR were combined with four concentrations of the monofunctional 
alkylating agents, i.e. ethyl methane sulphonate (EMS) 0.1, 0.2, 0.3, and 0.4% 
and methyl methane sulphonate (MMS) 0.01, 0.02, 0.03 and 0.04%. 
3.2.3 Sample size 
In each variety a set of 650 seeds were used for each dose/treatment 
including the control. Out of these 650 seeds, 500 seeds in each treatment^dose 
t 
were sown in the field for morphological and cytological studies, whereas the 
remaining set of 50 seeds was grown on moist cotton in petriplates for 
measuring root-shoot length. The petriplates were kept in B.O.D. incubator at 
25±1°C temperature with relative humidity at 95%. 
3.2.4 Sowing of seeds in the field 
The treated as well as untreated (control) seeds were sown in three 
replicates (200 seeds in each replicate) in a complete randomized block design 
(CRBD) in the rabi season of 2003 at the University Agriculture Farm, A.M.U., 
Aligarh. The distance between the seeds along a row was kept 60 cm whereas 
row to row distance was maintained at 100 cm in each experimental plot in a 
replication. Recommended agronomic practices were employed for the 
preparation of field, sowing and subsequent management of populations to 
raise a good crop. 
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Table 4: Details of mutagenic treatments given to broad bean varieties. 
Mutagen 
used 
Control 
EMS 
Gamma rays 
MMS 
Gamma rays 
+ EMS 
Gamma rays 
+ MMS 
Dose/Cone. 
0.1% (L) 
0.2% (I) 
0.3% (I) 
0.4% (H) 
lOkR(L) 
20kR (I) 
30kR (I) 
40kR (H) 
0.01% (L) 
0.02% (I) 
0.03% (1) 
0.04% (H) 
10kR+0.1%EMS(L) 
10kR+0.2%EMS(I) 
20kR+0.3% EMS (I) 
20kR+0.4% EMS (H) 
10kR+0.01%MMS(L) 
10kR+0.02%MMS(I) 
20kR+0.03% MMS (I) 
20kR+0.04% MMS (H) 
Duration of 
presoaking 
(h) 
12.0 
12.0 
12.0 
12.0 
12.0 
-
-
-
-
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
Duration 
of 
treatment 
6.0 
6.0 
6.0 
6.0 
-
-
-
-
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
PH 
7.0 
7.0 
7.0 
7.0 
-
-
-
-
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
No. of 
seeds 
treated 
650 
650 
650 
650 
650 
650 
650 
650 
650 
650 
650 
,650 
650 
650 
650 
650 
650 
650 
650 
650 
L= lower dose/concentration; 1= Intermediate dose/concentration; H= Higher 
dose/concentration 
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3.3 EVALUATION OF M, GENERATION 
A detailed study of the effect of different mutagenic treatments in the 
two varieties was undertaken using the following parameters. 
3.3.1 Seed germination 
Seed germination was recorded right from the emergence of first shoot 
in each treatment as well as control in the field on alternate days. After 
recording the germination counts, the percentage of seed germination and 
percent inhibition were calculated by using the formula. 
^ . . ,„,^ Number of seeds germinated ,„^ Germinatioi (%)= x 100 Number of seeds sown 
T u-u-*- ro/\ Control-Treated ,^. 
Inhibition (%) = x 1 GO 
Control 
3.3.2 Seedling height (cm) 
Seedling height was estimated on 7* day of germination by measuring 
root and shoot lengths of 30 randomly selected seedlings from each treatment 
as well as control. Seedling injury as measured by the reduction in the root and 
shoot length was calculated in terms of percentage of root and shoot injury. 
_ ^. . Control - Treated ,» . 
Percent Injury = x 100 
Control 
3.3.3 Plant survival 
The surviving plants in different treatments were counted at the time of 
maturity and the survival percentage and percent lethality were calculated by 
the following formula: 
„ . ,/o/\ Number of plants at maturity ,„^ Survival (%) = ^ y. 100 
Number of seeds germinated 
T *u 1-^  /o/\ Control-Treated , . „ Lethality (%) = x 100 
Control 
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3.3.4 Pollen fertility 
Fresh and young flowers from 25-30 randomly selected plants were 
taken from each treatment and the control. Pollen fertility was determined by 
staining the pollen grains with 2% acetocarmine solution. Pollen grains which 
tooic the stain and had a regular outline were considered as fertile, while the 
shrunken, empty and unstained ones as sterile. The following formula were 
used to calculate percent fertility and percent reduction (sterility): 
nil <• _*•!•*, /o/\ Number of fertile pollen 
Pollen fertility (%) = x 100 
Total number of pollen 
n * .4 *• /c* •i-*,\ Control-Treated , . . 
Percent reduction (Sterility) = x 100 
Control 
3.3.5 Coefficient of interaction (k) 
To evaluate the effects of combined treatments on various biological 
parameters as well as mutation frequency the data were analysed by using the 
following formula: 
K = i ? ± ^ X100 (Sharma and Swaminathan, 1969) (a)+(b) 
Where 'a' and 'b' stand for two mutagens and k is a hypothetical 
interaction coefficient. The value of k should be one, if the interaction is 
additive. Any deviation from this value would show synergistic or less than 
additive effects. 
3.3.6 Cytological studies 
Cytological studies were carried out on pollen mother cells by fixing 
young flower buds from each treatment as well as control. The purpose of 
fixation is to kill the tissue without causing any distortion of the components to 
be studied. It should not only increase visibility of the chromosome structure 
but should also clarify the details of chromosome morphology such as the 
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euchromatic or heterochromatic regions and the primary and secondary 
constrictions. 
For meiotic studies, young flower buds from 40-50 randomly selected 
plants were fixed in freshly prepared Carnoy's fluid (alcohol: chloroform: 
acetic acid in a 6:3:1 ratio), supplemented with crystals of ferric chloride for 24 
hours. The material was then washed and preserved in 70% alcohol at 4*'C. The 
anthers were squashed in 2% acetocarmine, dehydrated in NBA series (50% 
acetic acid + 50% normal butyl alcohol), mounted in Canada balsam, and dried 
at 45°C (Bhaduri and Ghose, 1954). More than 500 dividing PMCs from each 
treatment, as well as control populations were studied and analysed at 
metaphase I/II, anaphase I/II and telophase I/II stages. The photomicrographs 
were taken from temporary as well as permanent slides with the aid of "Nicon" 
photomicrographic unit using 10 X eye piece x 100 X objective lens. 
3.3.6.1 Chiasma frequency 
The number of chiasmata per cell and per bivalent were estimated in 
treated as well as control plants by scoring 100 PMCs at random, at diakinesis 
and metaphase-I stages. 
3.4 EVALUATION OF M2 GENERATION 
Seeds from each Mi plant were harvested separately in treated as well as 
control populations. For raising M2 generation, 100 M| plants and 50 seeds 
from each plant were selected in each treatment and control and were sown in 
the plant progeny rows in three replicates following complete randomized 
block design (CRBD). Thus, M2 population of each treatment consisted of 100 
M) plant progenies and a total of 5000 M2 plants. The seed to seed distance was 
maintained at 60cm and row to row spacing at 100cm. 
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3.4.1 Observations recorded in M2 generation 
3.4.1.1 Chlorophyll and viable mutations 
The treated as well as control populations were carefully screened for 
chlorophyll mutations from the emergence till the age of four weeks after 
germination, whereas viable morphological mutations were scored throughout 
the growth period of plants in the field. The identification and classification 
procedure of Gustaffson (1940, 1947) was followed with suitable 
modifications. 
Mutation frequency was calculated by the following methods: 
1 », . *• e ro/\ Numberof mutated progenies . . . 
1. Mutation frequency (%) = ^-—^ x 100 
Total number of progenies 
- . . ^ . . .... Numberof mutated plants . . . 
2. Mutation frequency (%) = x 1 GO 
Total number of plants 
3.4.1.2 Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the frequency of mutations 
induced by unit mutagen dose, whereas, mutagenic efficiency is the measure of 
proportion of mutations in relation to undesirable changes like injury, lethality, 
sterility and meiotic aberrations etc. Mutagenic effectiveness and efficiency 
was calculated on the basis of formula suggested by Konzak et al (1965). 
3.4.1.2.1 Mutagenic effectiveness 
Mutation rate (Mf) 
a) Effectiveness (Physical mutagen) = 
Dose in kiloroentgens (kR) 
UN ret- 4.- //-lu • I ^ s Mutation rate (Mf) 
b) Effectiveness (Chemical mutagen) = !^ — 
(Cone, of mutagen) x (time of treatment in h) 
\ r>ee *• / u- *• N Mutation rate (Mf) 
c) Effectiveness (combination) = ^ ^ Dose of physical mutagen (kR) x concentration 
of chemical mutagen (%) x time (h) 
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3.4.1.2.2 Mutagen efficiency 
a) Efficiency = 
Mutation rate on the basis of M, plant progenies 
(MP) or M; population (Mf) 
% injury (1) or % lethality (L) or % sterility (S) 
or % meiotic aberrations (M) 
3.4.2 Sensitivity studies on economic traits 
Observations were recorded on 10-15 normal looking plants of each 
progeny from treated as well as control populations. The progenies segregating 
for macromutations were not used for such analysis. The following twelve 
quantitative characters were thoroughly studied in different generations. 
1. Days to flowering 
Days taken to flowering were noted from the date of sowing till first 
flower appeared in 50% plants in a treatment. 
2. Number of flowers per plant 
Number of flowers were noted as the number of flowers borne on a 
whole plant. 
3. Days to maturity 
Days to maturity was noted as the number of days taken from the date of 
sowing to the date of harvesting of plants. 
4. Plant height (cm) 
Plant height was measured at maturity in centimeters from the base up to 
the apex of plant. 
5. Number of fertile branches per plant 
Fertile branches were counted at maturity as the number of branches 
which bore more than one pod. 
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6. Number of pods per plant 
Mean number of productive pods were counted at maturity and noted as 
the number of pods borne on the whole plant. 
7. Number of seeds per pod 
Mean number of seeds per pod was first calculated from each individual 
plant and then the pooled mean was calculated from different mean values. 
8. Pod length (cm) 
The pods were measured in centimeters and the mean for each selected 
plant was calculated for each plant. 
9. Pod girth (cm) 
The pods were measured in centimeters and the mean for each selected 
plant was calculated for each plant. 
10. 100-seed weight (g) 
It was the weight of a random sample of seeds from each plant. 
11. Total seed yield per plant (g) 
Seed yield per plant was the weight of total number of seeds harvested 
per plant and the yield of each plant was recorded in grams. 
12. Number of leaves per plant 
Vicia faba L. plant bears compound leaves. Each rachis, considered a 
single leaf bears the number of leaflets. Leaves were counted in all the 
branches of the plant. 
3.5 STUDIES IN Mj GENERATION 
On the basis of performance of yield and other desirable traits, the 
following treatments were selected in M2 for raising M3 generation. 
a) 0.1% EMS 
b) 0.2% EMS 
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c) 0.3% EMS 
d) 10 kR gamma rays 
e) 20 kR gamma rays 
f) 30 kR gamma rays 
g) 0.01% MMS 
h) 0.02% MMS 
i) 0.03% MMS 
j) 10kR + 0.1%EMS 
k) 10kR+0.2%EMS 
1) 20kR + 0.3%EMS 
m)10kR + 0.01%MMS 
n) 10kR +0.02% MMS 
o) 20 kR + 0.03% MMS 
From each treatment such M2 progenies were selected which showed 
significant deviations in mean values in the positive direction particularly for 
the yield components under study in M2 generation. Thereafter, seeds of each 
selected progeny were bulked by taking equal number of seeds from individual 
plants. Plants showing morphological, chlorophyll and other variations were 
discarded firom each progeny for quantitative studies. However, seeds of such 
plants were collected separately and sown in individual rows in M3 to study 
their mutant nature. 
A random sample of each selected progeny of treatments as well as 
control were sown as M2 progeny rows to raise the M3 generation. The plant to 
plant and row to row distance was maintained same as in previous experiments. 
Obsers'ations were recorded on all 12 quantitative traits as in M2 generation. 
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3.6 STATISTICAL ANALYSIS 
The data of each quantitative trait were subjected to statistical analysis 
to assess the extent of induced variation in different generations. Mean, 
standard error, standard deviation and coefficient of variation were calculated 
as per the standard statistical procedures. Components of variance (genotypic 
and phenotypic) were estimated as per the formula suggested by Singh and 
Chaudhary (1977). The broad sense heritability (h )^ was estimated by the 
formula suggested by Johnson et al (1955), whereas, genetic advance (GA) 
expressed as percentage of mean was calculated as suggested by Allard (1960) 
and modified by Khan (1979a). 
3.6.1 Mean(X) 
The mean was computed by taking the sum of a number of observations 
and dividing it by total number of observations recorded, thus 
x , + x , + x„ 
X __2ij_22 
N 
S'',. 
X = i=i 
N 
where X|, xi, Xn = observations 
N= Total number of observations involved 
3.6.2 Standard deviation (S.D.) 
Standard deviation is the positive square root of the average of sum of 
squares of deviations of all observations from their means. It was computed on 
the basis of following formula. 
S.D.= |(x. -X)' +(X2 -?0' +(>C3 -x)^ + - - + (x„ -x)^ 
V n 
.^.-mriL or S 
V n 
where, S.D. = Standard deviation 
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^ x = Sum of all individual observations 
i.e. X1+X2+X3 Xn 
X = Mean of all observations 
n = number of observations 
3.6.3 Standard error (S.E.) 
S.D. of sample 
• x / N - 1 
Where, S.D. = Standard deviation 
N = Number of observations 
3.6.4 Coefficient of variation (C.V.) 
It measures the relative magnitude of variation present in the 
observations relative to their magnitude of arithmetic mean. It is defined as the 
ratio of standard deviation to arithmetic mean expressed as percentage and is a 
unitless number. The following formula was applied to compute coefficient of 
variability (C.V.). 
_ -, Standard deviation , . . 
C.V. = xlOO 
Arithmetic mean 
OrC.V. = ^ x l O O 
X 
3.6.5 Analysis of variance (ANOVA) 
Analysis of variance helps in sorting out the variance due to different 
sources and also provides a basis for test of significance. For computing the 
analysis of variance between and within families, ANOVA was prepared for 
testing the significance of variance. 
3.6.5.1 Components of variance 
i) Genotypic variance (o^g) 
The estimate of genotypic variance was calculated by the following 
formula: 
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2 MSv-MSe 
Where, MSv and MSe = Mean sum of squares of between families/ within 
families and error, respectively, 
a'g = Genotypic variance 
N = Number of replicates 
Genotypic coefficient of variation (GCV) was calculated as 
GCV(%)=^^xlOO 
X 
ii) Phenotypic variance (o^p) 
Phenotypic variance was estimated by summing up the estimates 
genotypic (a^g) and the environmental variance (MSe or a^e) 
a^p = CT^g + a^ e 
Phenotypic coefficient of variation (PCV) was calculated as follows: 
PCV(%)=-^x lOO 
X 
V? 
3.6.6 Heritability (h^ ) 
It is the ratio of genotypic variance to the total phenotypic variance. The 
broad sense heritability was calculated as 
h^(%)=-2-1x100 
o'p 
where, a^ g = induced genotypic variance 
a^p = Phenotypic variance 
3.6.7 Genetic advance (GA) 
The genetic advance as percentage of mean at 1% selection intensity (k) 
was computed as follows 
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GA = k. op.h' 
Where, h^  = broad sense heritability, 
o p = phenotypic standard deviation of the mean performance of 
treated populations, and 
k = 2.64 constant for 1% selection intensity 
HA 
GA(%of x)=-^^xlOO 
3.6.8 Test of significance 
The significant difference between treated and control population means 
was obtained by using the least significant difference (L.S.D.) method 
(Snedecor and Cochran, 1968) with some suitable modifications. It was 
computed as follows. 
Step 1: Construction of data table for 5 treatments and 3 replicates: 
The data were computed such that each treatment occupied a column 
and their replicates were arranged in rows. 
Rows 
(replicates) 
R. 
R, 
R3 
Total of 
column (L) 
Squares of 
total of 
columns 
Sum of 
squares 
total of 
column 
Tl 
A, 
Ai 
A3 
Ai+...+A3 
(yi)' 
(A,)H...+ 
(A3)'=Z, 
Column number (treatments) 
T2 
B, 
B: 
B3 
B,+...+B3 
=yi 
(yif 
(B,)'+...+ 
(B3)'=Zj 
T3 
c, 
C2 
C3 
C,+...+C3=yi 
(y^f 
(C,)^+,.,+ 
(C3)'=Z3 
T4 
D, 
D2 
D3 
D1+...+D3 
=yi 
(y4)' 
(D,)^+...+ 
(D3)'=Z4 
T5 
El 
E2 
Ej 
E,+...+E3 
=yi 
(ys)' 
(E3)'=Z5 
Total of rows 
(replicates) 
(X) 
Ai+...+Ei=Xi 
A2+...+E2=X2 
Aj+...+E3=X3 
(x,)'+...+(X3)' 
=wr 
(yi)'+-+(yi)' 
= wy 
Z|+...Z5-=WZ 
Square 
of total 
of rows 
(X,)' 
(.^2? 
( X j ) ' 
Grand 
total 
yi+.-.+yj 
= wx 
X1+...X3 
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step 2: Correction factor (CF) 
CF (Grand Total)^  
orCF = 
txr 
(wx)^  
txr 
where, 
wx = Grand total 
t = number of treatments 
r = number of replicates 
Step 3: Total sum of squares (SSQT) 
This is the sum of squares of all the values in the table minus the 
correction factor 
SSQT = [(A,)' + (BO'+ (E,) ' ] -CF 
Step 4: Sum of squares of treatments (SSQt) 
ss^,^iy.fHy.f^ (y^)^CF 
r 
o r S S Q t = ^ - C F 
Where, r number of replicates 
Step 5: Sum of squares of replicates (SSQr) 
SSQ,^(x.)--^(x,)-4- (x3)-_^p 
t 
orSSQr=—-CF 
Where, t = number of treatments 
Step 6: Sum of squares of error (SSQF) 
SSQE = SSQT - (SSQt + SSQr) 
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Step 7: Estimated variance of error (MSE) 
MSE= ^^Q^ 
( t - l ) ( r - l ) 
Step 8: Least significant difference based on ordinary t-test (L.S.D.) 
L.S.D. at 5% level = , R ^ x t valueat5% level 
L.S.D. at 1% level = , F ^ x t value at 1% level 
If the difference between any two sample means exceeds the least 
significant difference (L.S.D.) value obtained at 5% or 1% level, the difference 
between the two means is said to be significant at 5% or 1% level, respectively. 
3.7 PROTEIN ESTIMATION 
Crude protein content in the seeds was estimated following the method 
of Lowry et al. (1951) with some laboratory modifications. 
Besides the isolated mutant lines, protein estimation was done in all 
selected treatments as well as in control populations. At least 5 different 
samples of seeds were taken from each treatment as well as mutant lines. Each 
sample of seeds was crushed into powder wilh (he help of mortar and pestle 
and 2-3 replicates were kept (or all samples studied. 
3.7.1 Materials used 
1. Bovine serum albumin (Sisco India Ltd.) 
2. Sodium carbonate (Na2 CO3 of Qualigen India, Ltd.) 
3. Sodium hydroxide (NaOH of E. Merck India, Ltd.) 
4. Sodium potassium tartarate (Qualigen India, Ltd.) 
5. Copper sulphonatfe (CUSO4 of BDH India, Ltd.) 
6. Folins phenol reagent (Sisco India, Ltd.) 
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3.7.2 Preparation of reagents 
1. Sodium dodicyl phosphate (SDS) 
1% SDS was prepared by dissolving 1 g SDS in 100 ml DDW. SDS is 
used to extract protein from the sample. 
2. Lowery reagent 
A. Na2C03 (Sodium carbonate) = 2% 
NaOH (Sodium hydroxide) = 0.4% 
Added 2 g of NazCOs and 0.4 g of NaOH to 100 ml DDW in a simple 
beaker. 
B. Sodium potassium tartarate (Na-K-tartarate) 
Added 2 g of Na-k-tartarate to 100 ml DDW to get 2% sodium 
potassium tartarate. 
C. Copper sulphate (CUSO4) = 1% 
Added 1 g of CUSO4 to 100 ml DDW to get 1 % CUSO4 
Lowery reagent = 100 ml A: 1ml B: 1 ml C 
3. Folin phenol reagent 
It is available as 2 N in the market. 50% or 50ml of Folin phenol was 
diluted in 50 ml DDW to get 1 N Folin 
3.7.3 Procedure for protein estimation 
Step 1: Took 10 mg seed sample from each freatment in small test tubes. 
Step 2: Added 1 ml of 1% SDS to each sample. Vertex or shook thoroughly 
and carefully. Left for 10-15 minutes. 
Step 3: Took 0.2 ml aliquot from each tube and added 0.8 ml DDW to make 1 
ml exactly. Vertex or shook well. 
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Step 4: Added 5 ml Lowery reagent to each tube and vertex. Left exactly for 
10 minutes. 
Step 5: Added 0.5 ml of 1 N Folin phenol to each sample and vertex. Left for 
20 minutes. Read each sample at 660nm in DU-40 or Beckman's 
Spectrophotometer. 
3.7.4 Test of signiflcance 
Data of protein estimation were subjected to T-test to study the 
significant shifts in treated population with respect to control. 
SD 
JSD'(l/n,+l/n2) 
2_niSDf + n^SD; 
n, +n2-2 
where x= mean of one group, e.g. control 
y = mean of 2"'' group, e.g. any treatment 
ni = number of observations in 2"^  group 
n2 = number of observations in 2"^  group. 
SDi = Standard deviation of one group 
SD2 = Standard deviation of 2"** group 
ni+n2 - 2 = degree of freedom (df) 
3.8 PROCEDURE FOR SDS-PAGE OF PROTEINS 
For SDS-PAGE, five seeds from each treatment were ground in a pestle 
with mortar after removal of testa and 100 mg meal was extracted with 1 ml of 
TRIS-HCI buffer (pH 7.5, 50mM) by shaking in cold for 30 minutes. The 
extract was centrifuged and the protein in the supernatant was estimated by the 
method of Bradford (1976). The extract was subjected to SDS-PAGE by the 
method described by Laemmli (1970). Samples containing about equal 
amounts of protein were treated with TRIS buffer containing sodium dodecyl 
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sulfate (SDS), glycerol and bromophenol blue. For each treatment, 30 mg of 
protein was electrophoresed, on 2.5% stacking gel and 12.5% resolving gel. 
The gels were later stained with coomassic Brilliant Blue G-250. The variation 
in the position of the bands in any lane was analysed. The standard proteins 
used glumatic dehydrogenase (53 kDa Rf 0.66), transferage 76 (kDa, Rf 0.41), 
P-galactosidase (116 kDa, Rf 0.24), a-2-macroglobulin 170 (kDa, Rf 0.09) and 
myosin (220 kDa, Rf 0.02). SDS-PAGE was repeated at least three times to get 
uniform results. 
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CHAPTER - 4 
^ExperimentaC ^ suCts 
EXPERIMENTAL RESULTS 
4.1 STUDIES IN M, GENERATION 
The effect of EMS, MMS, gamma rays and their combination treatments 
were evaluated on seed germination, seedling height, plant height, plant 
survival, pollen fertility, meiosis and various quantitative characters in Mi 
generation of broad bean. The interaction coefficient (K) of combination 
treatments was determined for various biological parameters. 
4.1.1 Seed germination, plant survival and pollen fertility 
Data on seed germination, plant survival and pollen fertility are recorded 
in the Tables 5 and 6. 
4.1.1.1 Seed germination 
Seed germination decreased with an increase in dose/concentration of 
the mutagens in both the varieties (Graphs. 1&2). The maximum decrease in 
germination was observed at the highest dose of all the mutagens. In case of 
EMS treatments, the maximum inhibitory effect on germination (31.81%) and 
(24.45%) was observed at 0.4% in vars. minor and major respectively. In case 
of MMS treatments, the maximum inhibition was recorded as 36.36% and 
33.33%) at 0.04%) in var. minor and var. major respectively. In case of gamma 
ray treatments, the maximum inhibitory effect on germination (40.54%)) and 
(28.90%o) was observed at 40 kR in the vars. minor and major respectively. 
The combination treatments were found most effective in reducing the 
germination percentage. The highest inhibitory effect on seed germination i.e., 
43.03%o and 40.61%) in var. minor was observed at 20kR+0.04%) MMS and 
20kR+0.4%) EMS, while in var. major the maximum inhibitory effect on 
germination was 52.55%) and 50.21%) at 20kR+0.04% MMS and 20kR+0.4% 
EMS respectively. The interaction coefficient of all the mutagenic 
combinations for seed germination was less than additive. The highest 
interaction coefficient value (1.12) was observed in the combination treatment 
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of 10 kR+0.1% EMS and 0.89 at 20 kR+0.04% MMS in var. minor and 1.87 at 
10 kR+0.1% EMS and 1.07 at 20 kR+0.04% MMS in var. major. 
In general, germination was affected in all the treatments in both the 
varieties, however, var. minor was more sensitive to the mutagenic treatments 
than var. major. The order of effectiveness was y-rays+MMS > y-rays+EMS 
>MMS> y-rays> EMS, in both the varieties. /^a^t*"* -^^ -^  ^''^^^ 
4.1.1.2 Plant survival / 7 \ ' M^ ^ \ 
I ^l .c . N-i 1 ij 
The survival of seedlings decreased \^tj^ an increase / i 
VV^. >: / 
dose/concentration in almost all the mutagens in btfSvthe vaa£ti£» ,^(<jrapfiB. 
1&2). Among the mutagenic treatments, maximum survivaF^eFSSfftSge was 
observed at the lowest treatments, while minimum survival percentage was 
observed at highest treatments of all the mutagens. The highest lethality i.e., 
21.11% in var. minor and 20.00% in var. major was recorded at 20kR+0.04% 
MMS treatment. The pooled mean values for survival percentage indicated that 
maximum survival (95.28% in var. minor and 96.11%) in var. major) was 
observed in EMS as compared to 100% in controls. However, the maximum 
lethality i.e., 13.89%) in var. minor and 12.78%) in var. major was recorded for 
the combination treatment of 20kR + 0.04%) MMS. The order of effectiveness 
for percent lethality was y-rays+MMS>y-rays+EMS>MMS>y-rays>EMS in 
both the varieties. However, var. minor was more sensitive than var. major with 
respect to reduction in survival percentage. 
The interaction coefficient for various combination treatments was 
additive without any exception. 
4.1.1.3 Pollen fertility 
The pollen fertility decreased with an increase in the mutagenic 
treatments (Graphs. 1&2). In other words, the pollen sterility increased with 
increase in mutagenic dose/concentration. The maximum sterility was observed 
at the highest dose/concentration of each mutagen. The maximum sterility i.e., 
44.13%) in var. minor and 36.56%) in var. major was recorded in combination 
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treatment of 20kR+0.04%MMS. The pollen fertility was reduced to 52.22% in 
var. minor and 58.01% in var. major as compared to control values i.e., 93.46%) 
and 91.44% in var. minor and var. major respectively. 
The pooled mean values for both percent fertility and sterility indicated 
that combination treatments were most effective followed by MMS, gamma 
rays and EMS. The interaction coefficient for various combination treatments 
showed less than additive effects at lOkR+0.2%) EMS, 20kR+0.3%» EMS, 
10kR+0.01%MMS, 20kR+0.02% MMS and 20kR+0.04% MMS, while 
additive effects were observed at lOkR+0.1% EMS, 20kR+0.4% EMS and 
20kR+0.03%)MMS in var. minor, while the interaction coefficient in var. major 
showed less than additive effects for most of the treatments except at 10kR+ 
0.1% EMS, 20kR+0.4% EMS and lOkR+0.01% MMS, which showed additive 
effects. In general, var. minor was more sensitive than var. major to both 
physical, chemical and combination treatments. 
4.1.2 Seedling height (cm) 
The seedling height (root length + shoot length) was measured and 
presented in the Tables 7 and 8. 
A gradual decrease in the seedling height with the increasing doses of 
the mutagen in individual as well as combined treatments was noticed with a 
few exceptions. The maximum seedling injury was recorded at the highest 
concentration in each individual and combination treatments in both the 
varieties i.e., 27.28% (0.4%EMS). 34.46% (40kR), 50.69% (0.0.4% MMS), 
58.49% ( 20kR+0.4% EMS) and 71.91% (20kR+0.04% MMS) in var. minor, 
whereas in var. major these values were 15.76%) (0.4%) EMS), 31.91%) (40kR y-
rays), 40.40% (0.04% MMS), 44.27% (20kR+0.4% EMS) and 59.60% 
(20kR+0.04%) MMS). The pooled mean values for seedling height and percent 
injury indicated that combination treatments were more effective than 
individual mutagenic treatments. The order of effectiveness was Y-rays+MMS> 
Y-rays+EMS>MMS>Y-rays>EMS in both varieties. 
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The coefficient of interaction showed additive effect for most of the 
combination treatments in var. minor. The exceptions are at 20kR+0.03% 
MMS and 20kR+0.04% MMS which showed _less than additive effect. Jhe 
coefficient of interaction showed less than additive effect for most of the 
combination treatments in var. major. The exceptions are at lOkR+0.01% 
MMS, lOkR+0.02% MMS and 20kR+0.03% MMS which showed additive 
effect. 
4.1.3 Cytological observations in M| generation 
The control plants of var. minor and var. major revealed six perfect 
bivalents (2n=12) at diakinesis (Plate I, Figs. 1 & 2) and metaphase-I (Plate I, 
Figs. 3 & 4) which showed equal separation (6:6) at anaphase-I (Plate I, Figs. 5 
& 6). Telophase-I, anaphase-II and telophase-II were normal giving rise to 
normal tetrads (Plate I, Figs. 7-12). 
The microsporogenesis of plants raised from treated seeds was highly 
disturbed. The meiotic studies showed that although the types of chromosomal 
aberrations were more or less similar in both the varieties but the frequencies of 
these chromosomal aberrations were different (Tables 7&8, Graph 3). The total 
frequency of meiotic aberrations in each dose/concentration at different stages 
of meiosis and coefficient of interaction (K) for various combination treatments 
is presented in the Table 11. 
The mutagenic treatments induced various chromosomal aberrations 
during microsporogenesis in Mi generation. The most frequent aberrations 
were stickiness, univalents, multivalents, precocious separation, non-
orientation of bivalents and fragments at metaphase-I/II and laggards, bridges, 
unequal separation, non-disjunction and cytomixis at anaphase-I/II. The 
dominant meiotic aberrations at telophase-I/II were disturbed polarity, 
micronuclei, multinucleate condition and cytomixis. Representative cytological 
features are shown in the Plates II-IX (Figs. 13-102). 
79 
The data recorded in the tables showed that almost all types of 
chromosomal aben*ations were dose dependent in both the varieties. 
4.1.3.1 Chromosomal aberrations at metaphase I and II 
1) Univalents 
The frequency of univalents ranged from 1-12 per PMC at metaphase-I 
(Plate V, Figs. 54 & 55). The univalents ranged from 0.74%-1.70% (EMS), 
0.91%-1.85% (y-rays), 0.92%-1.90% (MMS), 0.91%-2.01% (y-rays+EMS), 
and 1.09%-2.23% (y-rays+MMS) in var. minor, while the frequency of 
univalents was 0.54%-1.45% (EMS), 0.74%-1.66% (y-rays), 0.73%-1.65% 
(MMS), 0.90%-1.82% (y-rays+EMS), and 0.92%-2.pl% (y-rays+MMS) in 
var. major. The combined mutagenic treatments induced more univalents than 
the individual mutagenic treatments. Moreover, the maximum univalents were 
recorded at the highest dose/concentration of each individual as well as in 
coriibined mutagenic treatment in both the varieties. However, var. minor 
recorded more frequency of univalents than var. major. 
2) Multivalents 
Multivalents such as trivalents, tetravalents, hexavalents, heptavalents 
and octavalents were observed at the metaphase-I in the treated populations 
(Plate II, III, rV, Figs. 13-34, 36-48). The multivalents showed dose dependent 
increase in all the individual and combined mutagenic treatments in both the 
varieties. The frequency of PMCs with multivalents ranged from l.ll%-2.05% 
(EMS), 1.30%-2.03% (y-rays), 1.28%-2.05% (MMS), 1.30%-2.40% (y-
rays+EMS) and 1.30%-2.60% (y-rays+MMS) in var. minor, while the range 
was 0.90%-1.81% (EMS), 0.92-1.84% (y-rays) 0.91%-2.02% (MMS), 1.08%-
2.18% (y-rays+EMS) and 1.10%-2.19% (y-rays+MMS) in var. major. The 
combined mutagenic treatments showed higher frequency of chromosomal 
aberrations than the individual mutagenic treatments. Moreo '^er, the highest 
dose of each individual and combined mutagenic treatments showed the higher 
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frequency of multivalents in both the varieties. The maximum multivalent 
formation was 2.60% and 2.19% at 20 kR + 0.04% MMS in var. minor and var. 
major respectively. 
3) Stickiness 
Stickiness or clumping of cliromosomes at metaphase-I/II was the most 
common meiotic aberration. Chromosomes were clumped either in one or 
different groups (Plate III-V, VII, Figs. 35, 37-40, 49, 75-79). The frequency 
of PMCs showing stickiness ranged from 0.92%-!.86% (EMS), 0.91%-2.03% 
(Y-rays), 0.92%-2.05% (MMS), 0.91%-2.40% (y-rays+EMS) and 0.91%-
2.60% (y-rays+MMS) in var. minor, while the frequency of PMCs showing 
stickiness ranged from 0.72%-1.63% (EMS), 0.74%-1.84% (y-rays), 0.73%-
2.02% (MMS) 0.72%-2.18% (y-rays+EMS) and 0.73%-2.38% (y-rays+MMS) 
in var. major. The combined mutagenic treatments showed the more frequency 
of PMCs with stickiness than the individual mutagenic treatments. Moreover, 
the highest doses of each combined and individual mutagenic treatments 
showed the higher frequency of PMCs with stickiness in both the varieties. The 
maximum PMCs with stickiness were 2.60% and 2.38% at 20 kR +0.04% 
MMS in var. minor and var. major respectively. 
4) Precocious separation 
Precocious separation at metaphase-I/II was also one of the most 
common cytological aberration (Plate V, Figs. 50-53). The bivalents which 
showed precocious separation ranged from 1-3. The frequency of PMCs with 
precocious separation ranged from 0.55%-1.50% (EMS), 0.73%)-1.70% (y-
rays), 0.73%-1.90% (MMS), 0.73%-2.01% (y-rays+EMS) and 0.91%-2.23% 
(y-rays+MMS) in var. minor, while the frequency of PMCs with precocious 
separation ranged from 0.40%-1.30% (EMS), 0.40%-1.47 (y-rays), 0.36%-
1.84% (MMS), 0.36%-2.00% (y-rays+EMS) and 0.73%-2.19% (y-rays+MMS) 
in var. major. The maximum frequency of PMCs with precocious separation 
was 2.23% and 2.19% at 20 kR + 0.04% MMS in var. minor and var. major 
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respectively. The combined mutagenic treatments induced more frequency of 
PMCs with precocious separation than the individual treatments. Moreover, the 
highest dose/concentration of both individual and combined treatments showed 
the highest frequency of PMCs with precocious separation. 
5) Non-orientation 
Non-orientation of bivalents was observed in all the mutagenic 
treatments in both the varieties (Plate V, Fig. 56). The frequency of PMCs with 
non-orientation of bivalents ranged from 0.92%-1.30% (EMS), 1.10-1.85% (y-
rays) 1.10%-2.05% (MMS), 1.10%-2.20% (y-rays+EMS), 1.09%-2.41% (y-
rays+MMS) in var. minor, while the frequency of PMCs showing non-
orientation of bivalents ranged from 0.72%-1.45% (EMS), 0.74%-1.84% (y-
rays), 0.73%-2.20% (MMS), 0.72%-2.37% (y-rays+EMS) and 1.10%-2.19% 
(y-rays+MMS) in var. major. The maximum frequency of PMCs with non-
orientation of bivalents was 2.41% at 20 kR+0.04% MMS and 2.37% at 20 kR 
+0.4% EMS in var. minor and var. major respectively. The combined 
mutagenic treatments induced more frequency of PMCs with non-orientation of 
bivalents than the individual mutagenic treatments. Moreover, the highest 
dose/concentration of each individual and combined mutagenic treatment 
induced the highest frequency of PMCs with non-orientation of bivalents in 
both the varieties. 
6) Fragments 
The fragments were observed in almost all the freatments (Plate V, Fig. 
53) with a few exceptions (0.1%EMS, 0.2%EMS in var. minor and 0.1%EMS, 
0.2%EMS, lOkR y-rays, 0.01%MMS, lOkR+0.1% EMS and lOkR+0.01% 
MMS in var. major). The frequency of PMCs with fragments ranged from 
0.54%-0.74% (EMS), 0.40%-0.92% (y-rays), 0.20%-1.12% (MMS), 0.20%-
1.09% (y-rays+EMS) and 0.20%-1.30% (y-rays+MMS) in var. minor, while 
the frequency of PMCs with fragments ranged from 0.40%-0.54% (EMS), 
0.36%-0.55% (y-rays), 0.55%-0.92% (MMS), 0.54%-0.91% (y-rays+EMS) 
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and 0.55%-1.09% (y-rays+MMS) in var. major. The highest frequency of 
pollen mother cells with fragments was 1.30% at 20 kR+0.04% MMS and 
1.10% at 20kR+0.03% MMS in var. minor and var. major respectively. 
4.1.3.2 Chromosomal aberrations at anaphase I and II 
The dominant chromosomal aberrations at anaphase-I/11 were laggards, 
bridges, unequal separation, non-disjunction and cytomixis. 
1) Laggards 
The PMCs with laggards were observed in almost all the treatments 
(Plate VI, Figs. 68, 70-72) with a few exceptions (0.1%EMS in var. minor and 
0.1%EMS, lOkR y-rays in var. major). The frequency of lagging chromosomes 
ranged from 1-4 per PMC. These laggards were present either as univalents or 
as whole bivalents at anaphasel/II. The frequency of PMCs with laggards at 
anaphase I/II ranged from 0.73%-1.30% (EMS), 0.20%-1.50% (y-rays), 
0.40%-1.70% (MMS), 0.40%-1.83% (y-rays+EMS) and 0.54%-2.04% (y-
rays+MMS) in var. minor, while the frequency of PMCs with laggards ranged 
from 0.54%-1.10% (EMS), 0.72%-l .29%(y-rays), 0.18%-1.47% (MMS), 
0.18%-1.64% (y-rays+EMS) and 0.36%-1.83% (y-rays+MMS) in var. major. 
The highest frequency of PMCs with laggards was 2.04% and 1.83% at 
20kR+0.04% MMS in var. minor and var. major respectively. 
2) Bridges 
Bridges at anaphase stages were frequently observed in all the 
treatments in both the varieties (Plate V, VI, VII, Figs. 57-69, 80-84), but were 
more frequent in combination treatments than the individual mutagenic 
treatments. The frequency of PMCs with bridges ranged from 1.11%-1.70% 
(EMS), 1.30%-1.85% (y-rays), 1.30%-2.05% (MMS), 1.30%-2,20% (y-
rays+EMS) and 1.30%-2.41% (y-rays+MMS) in var. minor, while the 
frequency of PMCs with bridges ranged from 0.90%-1.45% (EMS), 1.11%-
1.66% (y-rays), 1.09%-1.84% (MMS), 1.08%-2.00% (y-rays+EMS) and 
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1.10%-2.19% (y-rays+MMS) in van major. The maximum frequency of PMCs 
with bridges were 2.41% and 2.19% at 20 kR-i-0.04% MMS in var. minor and 
var. major respectively. 
3) Unequal separation 
Unequal separation of chromosomes at anaphase-I was noticed in all the 
treatments in both the varieties without any exception. The chromosomes 
segregated mostly in the ratio of 7:5 and 8:4. The combined treatments showed 
more frequency of PMCs with unequal separation than the individual 
mutagenic treatments. However, dose dependent increase was observed in all 
the mutagens in both the varieties. The frequency of PMCs with unequal 
separation ranged from 0.40%-0.93% (EMS), 0.40%-!. 11% (y-rays), 0.40%-
1.30% (MMS), 0.73%-1.46% (y-rays+EMS) and 0.91%-1.85% (y-rays+MMS) 
in var. minor, while the frequency of PMCs with unequal separation ranged 
from 0.20%-0.72% (EMS), 0.20%-0.92% (y-rays), 0.36%-1.10% (MMS), 
0.54%-1.27% (y-rays+EMS) and 0.73%-1.64% (y-rays+MMS) in var. major. 
The maximum frequency of PMCs with unequal separation was 1.85% and 
1.64% observed at 20kR+0.04%) MMS in var. minor and var. major 
respectively. 
4) Non-disjunction 
Non-disjunction of chromosomes was observed in all the mutagenic 
treatments in var. minor, while in var. major, some lower concentrations/doses 
of individual mutagenic treatments did not show the non-disjunction 
(0.1%EMS, 0.2%EMS, lOkR y-rays and 0.01% MMS). The frequency of non-
disjunction ranged from 0.18%-0.74% (EMS), 0.20%-0.92% (y-rays), 0.20%-
1.12% (MMS), 0.40%-1.28% (y-rays+EMS) and 0.40%-1.50% (y-rays+MMS) 
in var. minor, while the frequency of PMCs with non-disjunction of 
chromosomes ranged from 0.20%-0.40% (EMS), 0.36%-0.55% (y-rays), 
0.55%-0.92% (MMS), 0.18%-1.09% (y-rays+EMS) and 0.18%-1.28% (y-
rays+MMS) in var. major. The maximum frequency of PMCs with non-
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disjunction was 1.50% and 1.28% at 20kR-H0.04% MMS in var. minor and var. 
major respectively. 
5) Cytomixis 
The cytomixis was observed in almost all the treatments in both the 
varieties with some exceptions viz., 0.1% EMS in var. minor and 0.1%), 0.2%> 
EMS and lOkR y-rays in var. major (Plate IX, Figs. 97-102). The frequency of 
PMCs with cytomixis ranged fi-om 0.36%-0.60% (EMS), 0.20-0.74% (y-rays), 
0.36%-0.93% (MMS), 0.40%-1.09% (y-rays+EMS) and 0.54%>-1.50% (y-
rays+MMS) in var. minor, while in var. major 0.20%-0.40%) (EMS), 0.36%-
0.55% (y-rays), 0.18%-0.73% (MMS), 0.18%-0.91% (y-rays+EMS) and 
0.36%-1.28%) (y-rays+MMS). The maximum frequency of PMCs with 
cytomixis was 1.50%» and 1.28%) at 20kR+0.04% MMS in var. minor and var. 
major respectively. 
4.1.3.3 Chromosomal aberrations at telophase-I and II 
The disturbed polarity, micronuclei, multinucleate condition and 
cytomixis were commonly recorded at telophase-I and II. 
1) Disturbed polarity 
Disturbed polarity was observed at telophase-II in all treatments in both 
the varieties (Plate VIII, Figs. 85-96). However, the frequency was observed 
more in combined mutagenic treatments than the individual mutagenic 
treatments. The frequency of PMCs which showed disturbed polarity ranged 
from 1.39%-2.24% (EMS), 1.30%-2.40% (y-rays), 1.50%-2.42% (MMS), 
1.47%-2.60% (y-rays+EMS) and 1.4*5%-2.80% (y-rays+MMS) in var. minor, 
whereas the frequency of PMCs with disturbed polarity ranged from 0.90%-
1.81% (EMS), 0.92%-2.02% (y-rays), 1.09%-2.02% (MMS), 1.08%-2.18% (y-
rays + EMS) and 1.10%-2.38%) (y-rays+MMS) in var. major. The maximum 
frequency of PMCs with disturbed polarity ranged from 2.80% and 2.38%) at 
20kR+0.04%) MMS in var. minor and var. major respectively. 
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2) Micronuclei 
Micronuclei were observed at telophase-I and II stages but were more 
frequent at telophase-II (Plate VIII, Fig. 92). The micronuclei were observed in 
all the treatments in var. minor with a single exception (0.1% EMS) but in var. 
major the micronuclei were not observed in 0.1% EMS and at lOkR y-rays. The 
frequency of PMCs with micronuclei ranged from 0.55%-1.12% (EMS), 
0.20%-1.70% (y-rays), 0.36%-1.50% (MMS), 0.40%-1.64% (y-rays+EMS), 
0.54%-1.85% (y-rays+MMS) in var. minor and 0.40%-0.90% (EMS), 0.54%-
1.10% (y-rays), 0.18%-1.28% (MMS), 0.18%-1.45% (y-rays+EMS) and 
0.36%-1.64% (y-rays+MMS) in var. major. The highest frequency of PMCs 
with micronuclei was 1.85% and 1.64% at 20 kR+0.04% MMS in var. minor 
and var. major respectively. 
3) Multinucleate condition 
Multinucleate condition was observed at telophase-I/II, but tlieir 
frequency was more at telophase-II (Plate VIII, Fig. 88). The multinucleate 
condition was observed almost in all treatments except 0.1% EMS in both 
varieties. The frequency of PMCs with multinucleate condition ranged from 
0.36%-1.12% (EMS), 0.55%-1.50% (y-rays), 0.92%-1.70% (MMS), 0.91%-
1.83% (y-rays+EMS) and 1.09%-2.23% (y-rays+MMS) in var. minor, whereas 
the frequency of PMCs with multinucleate condition ranged from 0.20%-
0.90% (EMS), 0.40-1.29% (y-rays), 0.73%-1.47% (MMS), 0.72%-1.64% (y-
rays+EMS) and 0.92%-2.01 (y-rays+MMS) in var. major. The maximum 
frequency of multinucleate condition was 2.23% and 2.01% at 20kR+0.04% 
MMS in var. minor and var. major respectively. 
4) Cytoniixis 
Cytomixis was observed almost in all the doses/concentrations in both 
the varieties with a few exceptions (0.1%, 0.2% EMS and lOkR y-rays in var. 
minor and var. major). The frequency of cytomixis ranged from 0.54%-0.60% 
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(EMS), 0.74%-0.92% (y-rays), 1.10%-1.12% (MMS), 0.91%-1.46% (y-
rays-i-EMS) and 1.09-1.70% (y-rays+MMS) in var. minor, while in var. major, 
the frequency of PMC's with cytomixis ranged from 0.4%-0.70% (EMS), 
0.54%-0.73% (y-rays), 0.54%-0.92% (MMS), 0.72%-1.27% (y-rays+EMS), 
0.92%-1.46% (y-rays+-MMS). The maximum frequency of PMC's with 
cytomixis was 1.70% and 1.46% at 20kR+0.04% MMS in var. minor and var. 
major respectively. 
In addition to the above mentioned meiotic abnormalities, a few 
aberrations like delayed separation of chromosomes at anaphase-I, disturbed 
anaphase and nuclear fragmentation were also noticed in some PMCs at higher 
treatments but their frequency was very low. 
Perusal of the results in the Table 10 revealed that meiotic aberrations 
increased with the increase in dose/concentration of each mutagen both 
individually as well as in combination. The overall frequency of meiotic 
aberrations at various stages of meiosis indicated that metaphase aberrations 
were more common followed by anaphase and telophase aberrations. 
Combination treatments were most effective followed by MMS, gamma rays 
and EMS in inducing maximum frequency of meiotic aberrations in both 
varieties. The frequency of meiotic aberrations were comparatively more in 
var. minor than var. major. The values of K were less than additive in all the 
combination treatments in both the varieties with a single exception 
(10kR-i-0.2%EMS) in var. major. 
4.1.3.4 Chiasma frequency in Mi generation 
Number of PMCs from treated as well as untreated (control) plants were 
studied and chiasmata per cell was calculated (Table 12 & 13). Results 
pertaining to the frequency of chiasmata per cell in the treated plants as 
compared to their respective controls clearly indicate that the chiasmata per cell 
decreased more in combined treatments with the increase of univalents and rod 
bivalents than the individual mutagenic treatments. The pooled mean of 
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chiasmata per cell showed 19.05 (EMS), 19.18 (y-rays), 18.85 (MMS), 18.83 
(y-rays+EMS) and 18.60 (y-rays+MMS) in var. minor, while in var. major the 
chiasmata per cell was 19.30 (EMS), 18.80 (y-rays), 18.70 (MMS), 17.80 (y-
rays+EMS) and 17.40 (y-rays+MMS). 
The pooled mean frequency of univalents was 0.55 (EMS), 0.73 (y-
rays), 0.90 (MMS), 1.08 (y-rays+EMS) and 1.08 (y-rays+MMS) in var. minor, 
whereas in var. major the pooled mean frequency of univalents was 0.45 
(EMS), 0.73 (y-rays), 0.80 (MMS) 1.20 (y-rays+EMS) and 1.98 (y-
rays+MMS). The pooled mean frequency of multivalents was 0.65 (EMS), 0.83 
(y-rays), 0.95 (MMS), 1.28 (y-rays+EMS) and 1.30 (y-rays+MMS) in var. 
minor, while in var. major the pooled mean frequency of multivalents was 0.55 
(EMS), 0.88 (y-rays), 0.95 (MMS), 1.18 (y-rays+EMS) and 1.25 (y-
rays+MMS). The pooled mean frequency of rod bivalents was 0.98 (EMS), 1.0 
(y-rays), 0.85 (MMS), 0.92 (y-rays+EMS) and 0.72 (y-rays+MMS) in var. 
minor, while in var. major the pooled mean frequency of rod bivalents was 1.0 
(EMS), 1.20 (y-rays), 1.03 (MMS), 1.13 (y-rays+EMS) and 1.18 (y-
rays+MMS). The pooled mean of ring bivalents was 3.55 (EMS), 3.65 (y-rays), 
3.20 (MMS), 3.13 (y-rays+EMS) and 3.51 (y-rays+MMS) in var. minor, while 
the pooled mean of ring bivalents was 4.08 (EMS), 3.25 (y-rays), 3.26 (MMS), 
2.80 (y-rays+EMS) and 2.63 (y-rays+MMS). 
4.1.4 Studies on quantitative characters 
In Ml generation, the effect of EMS, y-rays, MMS and their combination 
treatments was studied on 12 quantitative traits viz., days to flowering, number 
of flowers per plant, plant height (cm), days to maturity, number of leaves per 
plant, number of fertile branches per plant, number of pods per plant, pod 
length (cm), pod girth (cm), number of seeds per pod, 100-seed weight (g) and 
total yield per plant (g). Data on all these polygenic traits and the comparative 
effect of mutagens on mean values and coefficient of variation in two varieties 
of broad bean are summarized in the Tables 14-17. 
88 
A perusal of the results on various quantitative traits revealed that each 
trait was affected individually by the mutagen and the differential varietal 
response to different mutagens was also observed. 
Days taken to flowering and maturity increased as compared to the 
control in almost all the treatments, whereas, a negative shift was also observed 
in some of the concentrations. On the other hand, plant height (cm), number of 
flowers per plant, number of leaves per plant mostly decreased as compared to 
control except at some doses/concentrations which showed stimulatory effect. 
The number of fertile branches per plant, number of pods per plant, pod length 
(cm), pod girth (cm), number of seeds per pod mostly showed increase over 
their control values. 
Interestingly, the 100-seed weight (g) and total plant yield (g) increased 
in almost all the treatments, with some exceptions which showed inhibitory 
effect. Lower or intermediate doses of all the individual and combined 
treatments were most effective in increasing the seed weight (g) and total plant 
yield (g) in both the varieties. The lower dose combination treatments 
significantly increased the seed weight, whereas a significant reduction in seed 
weight was observed in higher dose combinations in both varieties. The 100-
seed weight and plant yield did not show dose dependent reduction whereas the 
higher treatments showed significant reduction both in 100-seed weight and 
plant yield. 
The pooled mean values of days to flowering and days to maturity 
showed slight delayed effect in both the varieties except in y-rays+MMS 
combinations in var. minor where mean values remained almost unchanged. 
The pooled mean values for flowers per plant showed decrease in all the 
individual and combined mutagenic treatments in var. minor, whereas increase 
was noticed in var. major. The pooled mean values for plant height showed 
decrease in all the individual and combined treatments in both the varieties. 
The pooled mean values for leaves per plant showed decrease in var. minor, 
whereas these values remained unchanged in var. major. The pooled mean 
89 
1 
a 
o 
2 
« 
B3 
V 
Oil 
S 
i> 
t3 2 
R 
Xi 
w 
u 
> 
••c 
R 
••c 
a 
cs 
s 
cr 
• * » 
a 
£ 
u 
a 
.2 
•c 
a 
_a* 
' 3 
E 
u 
•a 
a 
« v: 
IX .2 
i^  
13 > 
> ^ 
« 1H 
a •* 
M e 
•C « 
Xi 
f 8 eg 
z 2 
M 
0) 
> ^ J> 
o 
1 
H 
=e 
-« IX 
S 
1 
B 
u 
3 -H 
:Six 
a 
S2 
u 
is 
o 
( M 
O 
« o 
'>C 
U 
C/1 
-H IX 
•w 
a M 
O. 
Ml 
a 
•c 
I Is) CO 
S I X 
I 
i 
o 
sS 
0\ 
o 
o 
-H 
u-1 
-—s .^s /»^ r ^ 
^O </^  00 Ov 
T^ O r<-| •— 
C^ — OO lO 
— fSl 00 Tf 
s_^ s»*' >.«• s«^ 
oT t^*" vo" o" 
— (S •>* r* 
o o — o 
>n 
00 
00 
<N 
00 
c5 
3 
i n 
o 
o 
d 
vo 
00 
o 
-H 
m 
OS 
00 
oo 
.^^  
i 
OS 
SC-
SI f O 
00 
s 
•s 
O 
r~ 
F^  
o\ 
en 
en 
o 
en 
"^  
o\ — (N m 
VO CN vo - ^ 
TT d d so 
c s 00 «i-i m 
r i t v #> f \ 
«-< «r> O vo 
m —I 00 Tf 
S '-^ d o 
•H i l -H i l 
m o m vo 
ON Os r-~ 0 \ 
vd P^ 00 vo 
CM . vp op 
00 00 VO 
"^ _- ^ 
00 S vo r f 
• ^ <R -< -H 
d ^ o O 
o "^ o r--
K 2 "^ •* 
t ^ •—I 00 00 
v-i en (S vo 
vo fn so «^ 
d d d o 
00 \q o p 
<n in rf "* 
m (N so t^ 
r t 00 m 00 
VO r t VO s o 
> — ' > — ' > — ' ' ' 
OS 'a* »-i '^ 
m in 00 00 
•* Tj- m os 
m -^ (N o 
OS 00 m m 
m so in t~" 
— -H rf so 
•* in •<+ t-~ 
in m so so 
\ _ / v_^ v—/ >^^ 
ts m Os !;; 
m o "* ^ 
cS JSSS 2 
m m m r~-
so •* in m 
'zi d d d 
o \ 00 p t-^ 
en OS od i n 
i n Tf -ct - ^ 
Os 0 \ 00 i n 
m m <* r^ 
s o —1 m r~-
O i n 
o 
-H 
o 
.. -H .. 
m so en 
f- r^  o 
o o 
OS 
m so 
d d 41 
m 
en 
00 t ^ 
• ^ 
so i n • * 
-< o 
-H +1 
en en 
• * . ' ^ 
OS vo en 
• • < 3 - • < * • 
r~- OS (M t~^  
r f s o s o m 
d d d d 
^ ^ ^ ^ 
OS p p <N 
t ^ r-^  en SO 
• ^ m i n • ^ 
so 
i n 
d 
-H 
en 
<N 
« N 
SO OS 
d d 
i n 
en 
m 
i n —< —< "^ 
in so sq so 
d d d d 
en o o (N 
00 <s t s p 
o •"< ^^ •"^  
»— en 1—I t ^ 
sq OS fN OS 
d d -^ d 
^ en — r» 
s o OS (N OS 
o d -^ d 
o o \ >—I 
eN OS o 
r-- o —, <N 
r~ ON ON o 
d d d d 
i n t«; ON ON 
- ^ f S en •"^  
t~- r^ t^ r~ 
OS Os 00 —< 
^ (N en en 
d d 
s£> O en O 
r— o (N m 
Os ON 00 ^ 
— (S en en 
?^
en i n 
o 
so 
s 
3 
o 
en O 
CM i n 
en i n 
f^ O *"* *"* 
en en en t~^ 
d d ' ' 
-H -H 
en en 
00 00 i n 
00 00 OS 
so so so 
o 
m m r~ rf 
sq —, o s OS 
en ' ^ en s o 
f-« .—> 0 0 O 
r«; •— en -^ 
Tt- in so in 
in o •— o 
en r^ in sq 
in in scj in 
^»-S /--N /^•\ (f-S 
•<3- o m K 
—; sq •^ ^ en 
r-^  in so 00 
cs o o o 
i n —< i n 00 
so so so •<* 
55 en en 
o o o o 
OS ON p m 
d 00 d t~^ 
so m so in 
§?®f 
— Tj- 00 en in in so m 
d 
-H 
en 
en 
OS 00 00 r-^  in in m in 
o o o 
-H -H -^ti 
en en vo 
en en in 
O N < N 
m so 
d d 
s o s o 
d 
o 
Os 
m d 
+1 
en 
m 
r-
d 
cs en 00 
- - 00 so 
d 
til 
so 
d 
o 
en 
so 
d 
CN t~-
d d 
t^ en 
C- d ^ i£/ '^ '!}• t^ 
sq 11; p 
r f t ^ jn^ en 
00 
o 0 \ cN r -
so in so in 
Tf 00 S oo Os c s s q r>. 
r--' i n i n -St" 
OS o cs r^ in so so m 
P g cs"P 
s o P sq 1 ;^ 
i n "2/ i n •'t 
s_^ ^—' >»_/ >.^ 
^ t-. en 
s o en 
d d 
eg 
00 
n en 
O o ^
' n S^ p . 
t-~- !<-; o en 
i n v^ ^ "n 
i n 
d 
fCl en en 
o o d <=> 
en sq •5^ t-» 
en 
i n 
n ^ :
>n en 
m "^ 
00 — -"^ r-« 
OS p rS; -rr 
C t~- O en p sq r-; 00 
Tt- en —^  cs 
— so so o 
so in in in 
c s s o Tf Os 
— s o en O 
_: w - : — 
m ^ so in 
cs O oo 
— m o 
d d -H* •>*' 
s o s o s o s o 
ON OS OS i n 
— p -^ en 
so so so r^ 
— o o so 
r>, r^ t ^ so 
en en en O 
00 e<^  en i/^ 
cs en rsi Os 
s o s o s o Tt 
^P£S 
00 sq r-; ^ 
cs en en O 00 
vq 
d 
-H 
en 
i n i n 
<s cs 
d d 
Os cs o 
so so en 
cs in en o 
Tj- rr in so 
Os 0 \ Os OS 
O 
41 
so 
O 
O 
o 
i n 
d 
41 
ON ~ 
SO s o 
in en so r -
ON C3N Os ON 
en Os 
00 c s — 
d d 
i ! -H 
s o SO 
i n i n SO C~~ 
O N O N O s Os 
O 41 
SO 
o 
Os CS 
' - CS 
d 
eg ^ 
Os 
d 
eg 
i n 
Os ON 
i n 
s o 00 
so 
cs 
d 
•» 
so 
en 
00 
d 
41 
1—1 en 
s o s o 
OS 2 
o o 
-H 41 
en en en 
00 en Os 
ON ON Os 2 
o 
en d 41 
en 
i n 
o 
ti CO s ? vo s p sP 
a ^ <S^ O ^ oN O^ 
O ^ •—; cs en Tt 
U i^ d d d d 
>> (ft 
u 
e 
CO 
[VI CO CO 00 CO 
^ W tU W W 
- ^ ^ S5 ^ 
( S en i ^ 
CO CO 
2 
C4 
s o 4- o issssiiiii i i i i i i i i 
o -
o o o o 
<s en 1* 
p o 
d d 
o o 
d d o o o — cs cs 0 2 o o o o <s <s 
i. 
r 
.2P 
w -n 
izi I r s 
I 
o 
o 
o 
a 
sn -ti 
•six 
o 
o 
• * 
VO 
» — < 
o 
i o 
o 
cs 
00 
o •<^  
00 
00 
VO 
• " » > — ^ 
t--
(N 
o 
en 
T — < 
(N 
CM 
'^  
55 
oo 
'^"-^ 
Tf 
m 
o 
<N 
rt 
r-1 
00 
\o 
r-
"'-a-^ 
OO 
t — 1 
o 
^ 
o 
F — < 
(S 
^ 
o 
o 
<_> 
^ ^ 
o 
00 
00 
ON 
^; 
o 
S 
u 
o c« 
O 
•§" -H 
• S I X 
a 
O 
0 0 , 
o 
p 
i n 
ON 
o 
O 
a 
,2 
««M I X 
o 
d 
15 
rf 
rH 
4> 
IWN 
£> 
tt 
H 
• 
••* 
0 
o U 
M 
-tmt 
a 
i 
R 
a> t. 
H 
0 0 
0 0 
o 
-H 
m O 
d 
o r^  
d d 
5?^f 5 
O TT 00 O 
<N cs) ^ . •* 
d d 2 d 
-H -H i^ -H 
(^  ro i^ (N 
ro fNl 'I c) 
^ ^ ?o t-^  
r^ <s ^  — 
^ ^ « 00 
ON f~^  <^ . ^ 
(^  O "O (N 
^~^ •>_• >«^ v—' 
/-~\ 
5 
VO 
CM 
NO 
•<3-
00 
2 
CM 
O 
O 
CM 
CO 
VO — 
o o 
-H -H 
VO CO 
—< CM 
O " fM~ 
u-i d 
m m <N CM 
m CM (N CM 
Tj- tn CN O 
^ '— CM fO 
rf Tj- <N CM 
o o o o 
-H -H -H -H 
r<^  CM CM CO 
CO CM CM (S 
ro <o — r-
r^ CM (N — 
•* OS 00 fO 
O N 'sT —H <S 
r~^  OO r-^  ON 
>—N /—\ /—N /~V 
(N CM "$ -t 
CM CNJ •^ -q-
•5^  VO ON Tt 
'*—' ^N-^ s*-^ ^ . ^ 
CO •* r<^  NO 
CO '51- CO CN 
O O O O 
41 -H -W +1 
CO ro CM CM 
CM (N CN) CM 
Tf <N NO r-
CM CM ^ '-
•<:}• Ti- in CM 
• * . " ^ • * . f ^ 
-^ NO -^ VO 
S s is VO CO 
CN) ( N 
• ^ ON 
C O CO 
d 
+1 
NO 
OS --H 
T f 00 
CO 
d 
>n 
NO OS OS 
r o •<* CO 
o d d 
41 -H 41 
CO V O N £ ) 
0 0 VO r l 
00 
CM ^ 
C O 
d 
4H 
C O 
o 
NO 
CM 
• ^ 0 0 00 
i n •<:}• r o 
o d d 
41 4^ 41 
O NO VO 
—I Tj- r o 
00 r~ 00 
CO r o ( N r o 
d d S d 
>n 0 0 CO >n 
•-^ O N - ^ 0 0 
<N —" ( N — 
VO 00 i n CN 
r o CM CO CM 
o o d d 
t 
^ 
C~i ^ 
r^ m CM 
r o CN) <n 
Csl CM '— 
m 
CO 
r-04 
CM 
t-~ 
-Tt 
<N 
r~-
VO 
ro 
CM 
NO 
ON 
OO 
CN) 
o 
o 
00 
CM 
^ 
00 
Csl 
VO 
•-" 
00 
c^  
ro 
ON 
,.-^  
CO 
o 
o 
OO 
CM 
• * 
00 
Csl 
NO 
o 00 
<N 
in 
>n 
ON 
(N 
rt 
00 
CM 
1^ 
r^  
r^  CN) 
•* 
o 
m 
ro 
NO 
Tl-
O 
•* 
VO 
• — ' 
00 
(N 
VO 
CM 
00 
CNl 
NO 
00 
00 
CN| 
CO 
•<:r 
,—1 
ro 
>n OS i n 
m 
o o 
^ ^ 
>n -rr _ 
r^i r o r o CO 
O 
-H 
V O 
CM 
O 
41 
o 
VO CN| i n 
— p - ; 
d d d d 
CN) 00 f -
r~ VO m i n 
? 
o 
4H 
O 
Cs) 
CO r o CM ( N 
O 
41 
o 
-St rsj —; 
r o r o r o o i 
O 
41 
VO 
OS 
NO • * m t— 
d d d d 
O r o O r o 
( N OS •<:i; r o 
r o CM CS CS 
• ^ Tj- O O 
O 
41 VO r o 
00 r -
o o 
o 
CM < N C N ' - > 
F^  
CM 
OS VO 
CM — 
CN in 
ro 
VO 
O N 
CM 
VO 
NO 
OS 
ON 
O N 
VO 
ro r--
• > * 
VO 
o 
CM 
NO 
o 
(N 
in 
CM 
in 
OS 
(N 
NO 
O 
CM 
VO 00 
oi OS 
in 
ON 
O 
ro 
OS 
ON) 
ro 
in 
OS 
O 
ro 
ON 
O 
ro 
rsi 
00 
ON 
CM 
r o CN - ^ ^ VO ON CM NO OS OO 
O 
4j o o 4^  4^  VO r o r o r o 
--^ • * CM t-~; 
i n >n iri ' ^ 
^ VO r - ^ 
0 0 r o OS CO 
d - ^ 00 O N 
— — —< CN 
o o 
t> r o 
r o — 
O 
4^ 
0 0 
o 
41 
o o 
d d 
i l -H 
o o 
ON • ^ NO 
o o i 
^ d 
CM NO r^ r f 
'— CM <N CN 
in m •"^ rf 
O N ON O O 
>-H 1-H t-~. OS 
r o r o ON CO 
CM CM r ^ r o 
•"^ OS 
CN 
VO 
• ^ V O 
CN) C O 
o d d 
41 -H 41 
r o r o t~^ 
~_ OS vq 
t - ; NO VO 
CM —< - * 
r o r o CNl 
d d d 
41 " 
41 
r o r o 
i n r ' l 
o 
d 
OO O N ON 
'^ ^ rr 
O O N ' ^ ' :1-
• * NO i n i n 
d O N CM r~^  
CM —' ( N CM 
NO' in" Os" ( N ' 
CN «N CN CO 
41 41 41 41 
t ^ t~~ r o t ^ 
— p ro vq 
>n i n i n • * ' 
r}- 0 0 >n -^< 
ON ( N r - (-; 
r-^ d CN d 
( N CM C N I CM 
o o 
41 
V O 
o 
41 
o 
o 
• n -rf 
^ -sf r~- 0 0 
t~-; O N CN OS 
CN r-^  NO ON 
CN CN <N ( N 
o o 
41 41 .. 
CO r o r o 
— O N 
O 
-» 
o 
r o 0 0 
CM m 
o t -
r - NO 
0 0 0 0 i n VO 
o 
>n 
d 
CM 
0 0 O Tl-
• ^ CO CO 
d d d 
t-~. ^ CNJ 
CO d O N 00 
CO CO CM CN 
r^ r^ NO NO 
r-~ 00 f-~ C--
r o CM ' * p 
r o K Csi r o 
CM —' CN <N 
-T oT CM' d 
T t OS r j CM 
(N 
o 
41 
ro 
i n OS 00 
o d o 
r o '— OS 00 
r o r o ( N CN 
r^ VO ( ^ VO 
CM' J;^ *" OO' 2 " 
r», 0 0 VO ' ^ 
d d o 5 
? =^ !^  <^ 
f o ^^  ?^ ^ 
o 
d 
til 
VO r - CO 
CN ( N CN 
o 
41 
CO 
o 
t< 
o 
41 
o 
VO VO 
OS (N 
d 
p 
o — —' 
rf CO CO 
d d d 
r ^ m NO 
r~ vo in 
00 c^ n: 2 
o o 
OS v q 
0 0 ON 
i n 
r o 
2 I--" 
t ^ 
d 
41 
NO 
t-; 
ro 
in 
in 
d 
41 
t ^ 
1—H 
CM 
ro 
— O 
r^ o 
d -^ 
41 41 
ro ro 
ro vq 
CO 0 0 
r o CM 
i n 
d 
5^ '^ 
. NO 
o 
in 
CO 
CO 
C O 
CO 
t ^ sO ^ s P s ? 
^ o ^ o"^ o ^ o ^ 
( ^ —• CN r o r r 
fxi d d d d 
ffi ^ ^ ^ ^ 
« C N CO ^ 
O O O O 
d d ' ' 
> 
Vi 
Oi 
•s 
a 
% 
si, 
t3 
« 
O 
a 
a 
u 
a 
0) 
61) 
U i> 
u 
n 
U 
> 
s 
« 
s 
e 
lU 
a 
a 
o 
;. 
R 
> 
'3 
s 
O 
a 
IX 
> 
« 
s 
o 
•«^  
CO 
a 
* + * 
en 
43 
H 
V 
t: 
O 
6 
>i, 
• -
a ifl 
43 
a 
u 
A 
l>^  
en 
o 
00 
o 
o 
t^ 
>o 
o 
a 
u 
ei 
> 
O 
s 
a 
X3 
S -H 
• mm 
S 'Z) 
S 
S w 
S -H 
f i x 
a 
C3 
u 
it 
o 
< M 
o 
« n 
z 
pii) 
C/l 
-H 
l?< 
• * - • 
a vt 
a> 
o V3 
5 IX 
(A 
a 
<N 
O 
-H 
o 
C l^ 
o 
00 
O 
O 
Os 
o 
o\ 
fS 
o 
^ 
o 
5-
o 
ii 
O r~ 
o 
>* 
o 
+1 
VO 
VO 
ro 
o 
t^ 
\o 
o 
-H 
VO 
0 0 
;::; 
0 \ 
o 
+1 
O N 
0\ VO 
0 0 0 0 
VO m 
o o 
I/-I 0 0 
VO - ^ 
r-
Ov 
o 
-H 
VO 
VO 
0 0 
o 
O 
VO 
VO 
VO 
CO 
o 
r~ 
• * 
• ^ 
O 
o 
• » 
m 
r^  
ON 
t~-
O 
( N 
O 
VO 
en 
w 
ON 
rs o 
-H 
0 0 
VO 
•<* 
0 \ 
cs 
o 
o 
VO 
VO 
VO 
OS 
o 
-H 
VO 
VO 
VO 
O N 
O 
3 
VO 
VO 
O 
+1 
VO 
Ov 
VO 
o 
oo 
i n 
5 
VO 
0 0 
o 
m 
VO 
0 0 r-< < 0 U-) 
OO • - ; O <N 
i n Ov t~-^  ON 
o d 
o s •<a-
m <n 
i n VO 
SI 
rn q 
od <N -^ ov 
f<i -^ Tj- m 
/~\ r -v / - v . f-s 
Ov O 0 \ -H 
i n m t~ O 
h~ 00 r o o 
TT rn in fsj 
o S d ^ 
;f i i i i -t^  
t ^ t ^ o m 
vq 00 oo CO 
cs 0\ rn •* 
VO m VO VO 
—1 O 
CN 
d 
-H 
VO 
d 
i n 
o m m 
00 ( S r -
t^  d d d 
t~- ^ 
o 
-H 
o\ 
i n 
m ON i n 
Ov O 
- ; d ^ <=> o 
VO VO 
41 
VO 
(N 0 0 i n 
i n • ^ T t 
•!t O -^ — 
-H t-; i n q 
i n r~ r~^  Ov 
VO >— oo Ov 
m m in m 
d <5 d d 
-H -H -H -H 
VO m r-^  m 
rn rn q ON 
fs VO (N i n 
Ti- m TT m 
i n oo o • ^ 
r<) rn q vq 
fN fN f S ; ^ 
Ov Ov Ov ON 
VO VO >n •*_ 
d d d d 
^ ^ ^ ^ 
r o r o CN vq 
d as '-^ -^ 
VO i n VO VO 
VO ro 0 \ fN| 
vq 00 .-< •-; 
Tt VO VO od 
CN" CN' a\ c-^ -" 
t ^ VO >n vq 
J d d d i j -W -H +1 
o VO m m 
r^ l 00 m i n 
d " ' " 
r - r-- i n Ov 
• * CO r n -^^ 
0 0 0 0 Ov ON 
CN 
CN 
— « m 
VO VO 
d d 
+1 -H 
r f (N 
t ^ VO 
d d Si 
vq i n en 00 
ON - - r o i n 
m I*' • ^ m 
VO ON m r--
ON rn CN (N 
CN CN CN CN 
. ' r^ ON 
ON 2 r~~ 0« 
r<r - T r--" rn~ 
O; g3 m vq 
is 2 s s 
o< 2 2 z: 
" . 00 ' : "~: 
O C-, O O 
r-- J t-«. r^ 
- ^ r>- t  
' '^ CN < ^ ^ 
m rX o 00 
•a- Q •^ m S f^ 2 
•<T ^ TT 
0 0 
VO 
d 
VO 
d 
00 oo m 
t~ t ^ 00 
o 
•H 
C N 
CN 
O 
d 
00 
00 
i n t ^ 
VO VO 
d d Si 
i n CN 
o o 
-H -41 
CN q 
• « ^ VO o m 
VO VO VO VO 
^ CN r o i n 
" rj- 00 f s 
00 2 d 2 
O N CN w i 
Tf m r j -
d 
-H 
VO 
vq 
O N 
O N CN r ^ 
ON fN O 
d -^ ^ 
-H +1 -H 
o m m 
CO vq ON 
CN 00 <;t 
m • * " * 
Tj- 0 0 i n t-~ 
00 ON r~; CN 
(N —^  (N rn 
in" d~ --^ r ^ 
00 vq 00 ON 
d " " ' 
-H 
o q 
VO VO VO VO 
ON o r r m 
—; vq T); r<^ 
0 0 t-^ 0 0 0 0 
—' O VO CN 
f~~ t ^ VO VO 
CN O (N O 
q "o CN 00 
- - , CN rn d 
00 
o o 
Si VO ^ 
o 
til 
0 0 CN 
O 
i n 
VO 
o 
-H 
m 
m 
o 5 
i n 
O N CN 
d 
00 
VO VO ^ VO 
^ ON q 5 ON q ^ 
NO ON 2 
ON ON m 
VO VO C~-
O O 
-H -H 
CO m 
o 
-H 
O 
-H 
o o 
+1 -H 
O fn 
^ ^ i n i n vq ; i ; 
t ^ o m ^ m - * • * 
i n CN CN ON 
i n ON q 00 
'*' CN i n vd 
s,_^ s_^ \,.^ -^^ 
—H" co" oT m" in m in r-
i n 00 m ON 
' - ; ' - ; CN CN 
• ^ NO vd VO 
m CN S^ o 
<n VO ^ i n 
d - ; a< - ; 
o o o 
-H 
en oo vq i n 
CN CM" •^ 00 
VO VO VO i n 
O O O 
r-; t - t-^ 
d d d 
•» •» jd 
m m o 
'a; in ro 
• ^ CN — - ^ 
VO VO VO VO 
O N 
d 
VO 
^ CN 
CN ^ . 
r<-i O 
CN 0 0 
r n VO 
VO VO 
-H 
m 
V O 
CN 
V O 
CN 
C N 
r—< 
-H 
m q 
00 
i n 
• ^ m -Tf " * 
ON £;J i n m 
vq . —< CN 
O N 2 ON O N 
*~' C- "—' -^' 
—' (vT oo' d ' 
- ^ °^ ON q 
•t^ 4? i< i< 
(^ ^ i t~- r -
VO g;; i n 00 
CN iX 00 ON 
VO Jg i n i n 
m i n • ^ 
00 2 fN ^ 
ON 2 ON z ; 
ON 00 VO q ^ O N 
-H 41 -H 44 
t~- i l m i ^ 
«». S;««. 9 
f^ rn ^ ocj 
<> S "^  S^  
l - H CN m 
ON 
00 
m m 
00 
1—< 
CN 
00 C3N 
CN 
'^ 
(N 
NO 
CN 
00 
m 
00 CN 
CN m m CN en 
o 
f—1 
00 
CN 
ON 
ON 
ON 
00 
d^ 
•*' 
d 
q 
- - en O ON en 
CN — ON CN 
• - ^ - ^ e n CN
d 
44 
en 
o o o 
•H 44 
m en 
en i n ON 00 
i n 
d 
44 
m 
00 
0 0 VO — 
CN en en 
d d d 44 44 44 
m en o 
O 0 0 Ti-
e n • * 
d d 
^ 44 
O N <3N 0 0 ON 
0 0 0 0 - -
0 0 0 0 O N 
i n 
O N 
ON r^ 
e n VO 
d d 
_ .. 44 44 
t ^ en en en CNJ CN CN 00 
O N O N O N ON 
d 
CN CN VO 
i n m VO 
o o 
O N en eej 
O N ON *—' 
0 0 0 0 O N 
O 
en 
C3N 
CN) t ^ ^ VO 
i n ^- en en 
d d d d 
en i n i n vq 
- ^ 1^ vd 00 
ON ON ON ON 
O 
U 
•J- C/3 sO 
o 2 -•' 
U W d 
CNt 
O 
^ 
o^ en 
O 
^ 
O 
U 
CO 
i 
w 
| g ^ ^ ^ 
o 
4-. 
c/2 on OD 
w w w 
sO vO vO 
tfN tfN ON 
fS. en Tf 
d 4-. 
4-
5L NP sO v^ s ° 
2I»^ ^ ^ (Jv (Jv. 
•-" <N en -* 
0:=: 
q q 
d d 
4-. 4-, 
o 
d 
4-, 
r l , O O 
V ^ l—H r™< 
O 
CN 
tf) 
T-i 
» 
•6 
a 
o 
U 
a 
^ 
"^  W 
2 M 
.« -H 
^ I X 
O 
H 
• 4 ^ 
% W 
-a ^ 
it -r\ 
S I X 
1 o 
o 
•o 
o 
a< 
5i 41 
"S IX 
6 
y-s 
S 
« 
o« 41 
.a IX 
•c 
O 
? o^ 
"2 W 
a 
4> 
^^  
a j a 
" o . 
•tr • 
(2 •" 
*tm IX 
O 
C5 
t 
e 
V 
S 
H 
00 
r i 
t t 
r-f S 
o 
A VO 
vd 
m 
^ 
cs 
f N 
f o ' 
o 
41 
O N 
rn 
^ H 
•<5t' 
00~ 
o 
o 
4^  
rn 
ro 
/ - " N 
*»** 
» - H 
1 - H 
o 
o 
<n 
o 
^ 
i n 
Tf" 
^^ 
»—H 
rn 
ro 
-^^  
fs ' 
•-^  
0 0 
"O 
l O 
^ 
o 
O 
f 1 
u 
o 
o 
U 
0 \ ( ^ u-i O N 
t - ; t-~; O ' - ; 
t ^ t-^ 0 0 0 0 
*^--' —^^  -^^  ^^ -^  «\ «N *S O 
Tt- o \ 00 r--
vo m m "^ 
c5 o o o i l i ! -H -H 
O O ro fo N  OS 00 
r4 (S ON - ^ 
• * • * r o r o 
t ^ 0 0 ON i n 
O N ' O O r n 
<N r<S •rf Tt 
^ N - ^ • ^ . ^ S _ ^ 
O N m Tt- •Tf 
- H ( S ( N ( N 
o o o o 41 i l 41 41 
f ^ O r<^ r<^ 
r~; O 0 0 00 
vo in cN o 
m fo m ro 
'— T f i n ( S 
•^ ^ ON vo ":(; 
o t^ 00 o 
CM ^ —< ( N 
•<* ( S <N <—1 
. - H ^ - < ^ ^ »-H 
o d d d 
O r o O NO 
O OO t"-; ON 
•^ r<^  rn cN 
CO 0 0 C~- ^^ 
r n —^ ON • ^ 
NO f o r n - -
^ ( N ( S ( N 
i n ON O i n 
S <^ d S 41 i i 41 41 
O O r<^ CO 
O -^^ NO 0 0 
i n •^' •^' r o 
^ ^ ,^^  ^ ^ ,^^  
O • ^ ON •—1 
m m CN) O 
c^ d NO NO 
—' <N <N (N 
ON t^ t-~ i n 
— <N fs r-j 
5'? 5 5 
r-- ro t~~ o •-^ ro NO r t 
NO NO iri i n 
.^^  ^  ^ ^.^ ^.^ 
(N rr r* o ro ro ON —H 
cs i n t--* — 
^ —. ,— (s 
^^ ^^^ *^ --' ""^-^  
r^ *" NO 00 r l 
r^ ON O CN 
d d "^ -^ 
-H i l •« i ! m f^ m o 
f i '-< 00 r^ 
"*' TT ( N ~ 
fo CO m ro 
1/1 sO sP sO x^ 
^ <S^  d^ 6^ 6~-
« •—' f S CO T f 
W d d d d 
o i n CO 2 
O ro NO S 
00 00 t^ in; 
N—^ N.—^ ^ s « • ^^^^^ 
CO t~- 0 0 ft^ 
NO NO i n 2^ 
S d c6 f-: 
O OS t--_ P 
CO CO - ^ 0(^ 
^ '^ '^ f5 
O ( N ON O 
i n -^^ o NO 
Tt- NO NO i n 
N — / N — • * * - • S * - ^ 
0 0 O NO - -
<N • ^ CO CO 
o o o o 
O O CO CO 
•—; i n CO CO 
•^ rj-* (N d 
CO CO CO CO 
rs in <s CO 
O ON T f CO 
—3 i n 00 NO 
fSl _ r-H ( S 
<n <s <s • * 
o S d S 41 41 41 41 
NO NO O C l O ( N NO ON 
• ^ - ^ CO OJ 
" * ^ ON C4 
O OO r t —; 
"^ ON od d ( N <N ( N CO, 
•—1 r j - <N •<* 
<N ( N CN CNJ 
<zi d S S 41 41 41 41 O r~- •^ i n 
r - • ^ CO » * 
"^ f ^ 'd^ "sr 
/—^ /"^ / - ^ /- '•v 
00 0 0 NO r t 
t - - r-; NO NO 
i n T t O N ( N 
CS ( N ( N CO 
o\ so r-^  o 
CNj ( N <N CO d d d S 
-fl 4H 41 41 
CO t-~ r^ r~-
fNj 00 p ON 
NO i n »n • * 
^—N , — S ^ - V / - > 
— O NO O N 
• * . ' ^ . ^ . " ^ 
>n t ^ NO in* 
1—4 f—H »—1 ^ - 4 
• ^ ^ N ^ ^ - ^ ^ \ . ^ 
co" d " oT o 
ON —1 O 0 0 
o - : -^ d 
i ! +1 i^ id 
t~> CO t-~ O •-^ t~- NO i n CO - ^ >n 00 
CO CO CO ( N 
V3 
r^ O O O O 
^V - " ( N CO '^ J-
i^ ^s 
o^  f^ 2 IfD 
^-^ s.* ' ^ ^ ^ ^ 
0 0 NO £-<• p^-
f^ "O a. oS 
5 S •=> d 
41 -H 41 41 CO t-~ 21 J 
<». ^ . s ss S S; cK o<
'^ '^  ' ^ CO <N 
— i n t ^ r f 
r j - t-^ p i n 
i n i n i n NO 
•<:1- i n 0 0 NO 
CO CO <N CO 
d d d d 
^ ^ ^ ^ 
NO i n »-; <N 
•Tf CO CO O 
CO CO CO CO 
NO •rf 00 00 
0 0 O N CO <S 
CO t-^ i n T t 
•—"'—<'—< <S 
- H CS O ( N 
f—1 1—^ ^ ^ .—^ 
d d d d 41 41 41 41 
NO CO O CO r f 0 0 NO 00 
• ^ CO CO CN 
CO i n <N ON 
r-- CO —; p 
d Tt- CO ON 
( N <N ( N ( N 
ON CN O <N 
ON CNI CNj ( N 
d d d d 41 41 41 41 
— o CO o 
0 0 ON r~; CNj 
T f • ^ • * • ^ 
/—^ / - ^ / — V / - ^ 
CO CO i n i n 
0 0 i n T t ON 
•<4-' t--^  iri r-^  
CO CO CO CO 
NO r~- 00 -—I 
CO CO CO CO 
d d '^ '^ 
t-^ T f 0 0 i n 
i n i n i n •<:}•' 
/ ^ - \ • — s ^ - * v / - - ^ 
CO T f O O N 
NO ON NO •<:»; 
—- CO O N 0 0 
CN^ »~^ » " ^ • • ^ 
* « • . • ' ^ ^ " " ^ -^ V ^ - ^ 
oT oo" NO' ON" 
f \ ) f-H r— O N 
^ d '-^ d 
r~- CO o r-NO 0 0 i n CO 
rs rsi cs ON 
CO CO CO CN 
22 ^ ^ s? ^ 
5 —' <N CO • * a p o p p 
^ d d d d 
ON ON O 2 j 
T T ON NO ^ . 
NO r - o ! < • 
'^ 'I "^ "^ o^ 
o o o C-; 
—. CO NO ^ 
O N ON ( N V-: 
CO CO CO ^ 
CO NO NO !C^ 
CO cs ' ^ n 
NO t^ ON f;:j 
NO O N CO -^'-
<^ <^ • * . i n 
o o o ^ 
NO 0 0 ON J ^ 
- : o< • * rX 
CO <N ( N ^ 
• ^ NO CO 0 0 
ON CO r-< ON 
r-^  d ' * csi 
—< <N <N CN) 
CN CO CS ^ 
r - H i—H t—1 t - H 
d d d d 41 41 41 41 
CO NO O CO OO NO ON NO 
CO CO CN rsi 
CN r r o ON 
C^ O N t-^ NO 
<N ON d - ^ 
CO CO CO CO 
'Tj- C> O ( N 
CN CN <N 04 
d d d d 
i< +1 i i d^  
t ^ CO O t~~ ^_ p CO •>*
'=!•' t " • ' I - CO 
. ' - V / - ^ / — V / - > 
O CO ON NO 
ON ON i n p 
d CO CN ( N 
r r r t Tf -^ 
OO O '— -Tf 
CO r f r r CO 
d d d d i! -^  5 i! r^ CO r~» o 
—_ p CO i n 
in in in r f 
/ - ^ ^ — N / — S / — s 
• * NO r - NO 
i n NO CO r-^  
CO d CN f-^  
( N <N CN —< 
NcT oo" t>" NO' 
CO CN CO O N 
5 5 5 S 
r^ ^ p NO i n 
—' • * CO ON 
CO CO CO CN 
t/3 
M CO OO C/5 C/D 
^CjQ uq u tq 
e o^ ^N S N ^ 
*" —; r j CO T f 
a + ? ? ? 
r'g O O O O 
V;? —' ^ CN CN 
5 ^ ^ ^ . So 
SS8i?5 CN 
R :^§s^^ 
<=> o ^ C-; 
* ^ '^ . —< 0 0 
^ ^ ^ s ' 
?^5.S3 
t^ ^ 2 ^ N—' ^—' ^ , ^ y ^ , 
S ^ CO CO 
. ' ^ CN OO S S o^  d 
<^ * ^ CM 04 
1 
- ^ O NO CN 
T t •rr - - ; 0 0 
d ' ^ CO d 
CS t - CN Tl-
r f 0 0 O N " ^ 
^ p p _^ d d d d 41 41 41 41 o o NO d 
p -rr CO p 
•<t CO CN CN 
CN 0 0 O O N 
CN CN CO CJN 
CN —^ d - ^ 
CO CN CO •<N1-
^ r - ^ NO 
CO ^ CN CN 
'-^ d d d 41 HH 41 41 
r - o 0 0 CO 
- ^ i n t-^ CN 
"vl- r t CO CO 
/ - ^ / - ~ N ^ - S ^"^^ 
CO NO O NO 
O N NO O r f 
d rf ^ d CN CN - ^ - ^ 
r~ CO —< ^ 
•-^ CO CO CO 
i i i i 
NO -^^ •-< CO 
>n »n r f r t 
/ ^ y " ^ / ^ * > / ^ • N 
CN >—1 o i n 
O N t~^ CO O N 
0 0 0 0 "<t - ^ 
t -H t -H ^ H CN 
• W ^ -^z v»^ 5 3 
«N rs * i #\ 
CO os o cn 
^. '^ ^ ^ 
f ^ t -H O ' " ^ 
41 41 41 41 
CO CO f ~ O >n ON "<t 0 0 
i n •<*' ';t^  d 
CO CO CO CO 
C/5 
S (/3 (Z) on 00 
^ ^ ^ ^ ^ 
+ 5 > 5 § 1^ ^ ^  ^ 
e - ^ CN CO •<* 
•" O O O O 
^tttt 
rV O O O O 
W —• - H CNl CN 
' s - - ' 
> 
u 
c 
t/5 
1^ 
. S 2 
* c o 
<L> 
• 4 - * 
C 
a 
a, 
.S 
«5 
5 
"a 
I 
a 
<n 
. a 
o 
O 
s 
o 
• mm 
tt 
im 
a 
M) 
a 
.2 
'u 
a 
> 
a 
.a 
'S 
e 
O 
w 
a 
a 
B 
a 
o 
se 
a 
M 
a 
B 
> 
2 
a 
B 
o 
U 
• • 
»^  
H 
aS 
BT 
01 en 
l a 
03 
u 
o 
B 
en 
s 
B 
a 
ti3 
o 
a 
o 
U 
(» 
a 
-H 
a 
a 
U 
M 
0 0 V-) ir> 0 0 
O N ^ f<^ 0 \ vq 
ON 
o 
-H 
O N 
( S 
O N 
NO 
O 
ON 
O N 
O 
<N 
CM 
rj-
O 
til 
o 
r--
ON 
O N 
o 
-H 
^ 
ON J ^ 
NO 
I 
ON 
0 0 
t -H " ^ 
O N 
0 0 
NO 
d 
-H 
ON 
as 
i^ »^  
ON 
NO 
o 
NO 
d 
-H 
ON 
oo 
NO 
d 
NO 
00 
as 
0 0 
NO 
d 
-H 
NO 
O 
ON 
d 
-H 
00 
0 \ 
o 
in 
NO 
d 
o 
<N 
O 
ON 
ON 
O 
i n 
<n 
^ 
3 
S 
B 
V) 
CO 
B 
4-« 
!> 
u X! 
4-* 
e 
(O 
X3 
U 
rz? -4-' 
i n 
d 
-H 
0 0 
ON 
0 0 
NO 
d 
CN 
<n 
NO 
^ i ^ 
'Si-
>n 
f N 
O (N 
SH 
0 0 
d 
O N 
CN 
o 
d 
-H 
d 
en 
0 0 
CO 
NO 
<N 
rn 
d 
-H 
m 
NO 
ON (N 
d 
m 
ON 
i n 
CN) 
(N 
00 
d 
00 
NO 
O N 
ON 
"^  
<N 
d 
o 
NO 
rn 
00 
m 
CN 
d 
O N 
NO 
>n 
NO 
f^  2 
Cii &. IX, O . 
c 
en 
•o 
o 
CN 
CN 
O 
CN 
>n 
oo 
m 
rn 
CN 
(N 
d 
o 
0 0 
CN 
O N 
d 
-H 
m 
ON 
CN 
<5N 
NO 
O 
o 
i n 
<n 
m 
0 0 
en 
d 
m 
0 0 
O N 
CN 
CN 
i 
CN 
CN 
C3N 
CN 
m 
in 
d 
CN 
o 
m 
o<5 
CN 
NO 
d 
-H 
NO 
CN 
O N 
CN 
CN 
d t o 
<n 
— t^ 
NO 
CN 
*- "S o I 
c 
1 3 
O I" 
m 
d 
41 
rn 
rn 
O ^ 
CN 
o 
en d 
-H 
i n 
0 0 
CN 
OO 
CN 
d 
d 
CM O N 
>n 
m 
>* d 
-H 
0 0 
Tt; 
CN 
CN 
m 
NO 
0 0 
rn 
d 
-H 
0 0 
0 0 
en Z-t 
0 0 
rn 
0 0 
o 
m 
d 
i ^ 
CN 
CN 
0 0 
o 
on 
i-i eo 
NO 
d 
o 
o 
m 
m d 
M 
<n 
CN 
NO 
NO 
d 
CN 
CN 
O N 
d 
rn d 
'-H 
i n 
r-; 
CN 
CN 
m 
CN 
0 0 
in 
CN 
d 
rn 
CN 
o 
o 
NO 
e 
C3 
m 
d 
-H 
m 
CN 
o 
i n 
NO 
0 0 
in d 
-H 
r f 
m 
ON 
00 
^ "^ 
•o 
o 
- § • 
C/2 
u 
=5 
"a 
en 
O O s 
^ 
^ 
"u 
'>s 
E23 
NO 
d 
NO 
NO 
o 
i n 
d 
NO 
CN 
NO 
m d 
r r i 
ON 
0 0 
0 0 
CN 
u 
> 
u 
> 
a 
ja 
IS 
m o 
u 
d 
u 
O 
e 
o 
••a 
.S 
o 
a 
• y 
o o 
d 
d 
CO 
V 
E 
d 
o 
a 
O 
.a 
a, 
o 
U 
H 
cs IS 
O! 
§ ^ 1 « 
^ t 
« 5£ 
c^ 
en 
"d 
o 
U 
' 
i^ 
i 
§ 
P4 
a 
IS 
1 ^ 
• 
-H 
d 
cs 
u 
H 
-H 
d 
a 
0) 
P4 
a 
s 
CO 
41 
d 
4> 
S 
0) 
OS 
u 
J 
cs' 
CS 
O N 
<N 
3 
ON 
00 
r i 
0 0 
o 
ON 
CN 
OS 
O 
-H 
o 
o\ 
t ^ 
( N 
O 
00 
o\ 
0 \ 
0 0 
o 
o 
-H 
o 
o 
O N 
Ofl 
t4^ C 
>> 5 
w o 
Q q::: 
O N 
O N 
ro 
<S 
CS 
o 
o 
5 
vS 
0 0 
o 
cs 
NO 
NO 
?^  
<o 
NO 
o 
oe 
cs 
NO 
0 0 
•<:r 
o 
cs 
NO 
C l^ 
00 
cs 
O 
41 
o 
o 
NO 
c 
o 
O N 
i n 
NO 
r-^  
<N 
0 0 
O 
NO 
ro 
NO 
<S 
o" 
ON 
r r 
CO 
NO 
ON 
O 
CS 
NO 
1 
en 
NO 
( N 
NO 
o 
41 
NO 
cs 
NO 
_ 
cs 
. — ( 
NO 
O 
41 
NO 
NO 
c^i 
NO 
3 
E 
o 
cs 
OS 
r-
>* 
0(> 
NO 
o 
NO 
IT) 
NO 
CS 
o 
o 
41 
0 0 
00 
0 0 
NO 
o 
00 
ON 
ON 
O 
Os 
o 
ON 
O N 
,_ 
q 
rn 
CO 
o 
41 
NO 
o 
op 
c 
NO 
o 
0 0 
o 
"^ 
O 
O N 
CNI 
CS 
NO 
NO 
0 0 
ON 
CNI 
o 
41 
CO 
0 0 
NO 
o 
o 
NO 
o 
41 
cs 
t~-' 
oo 
( N 
NO 
rNi 
o 
00 
NO 
m 
q 
00 
0 0 
o 
d 
i r i 
o 
c 
X ) 
4) 
u iS 
0 0 
• * 
(••M 
41 
m 
O N 
cn 
0 0 
q 
cs 
Ti-
c s 
5 
cs 
<s 
^ 
0 0 
o 
O N 
d 
41 
0 0 
r 4 
NO 
00 
ON 
d 
41 
f S 
q 
r<-) 
oo 
NO 
NO 
o 
q 
41 
NO 
cs 
O 
NO 
<ri 
d 
41 
o 
d 
4 ~ * 
ex 
T3 
O 
CL, 
NO 
c^ 
0 0 
0 0 
• < * • 
OO 
d 
q 
«o 
NO 
CO 
c<^  
d 
41 
NO 
>n 
<N 
od 
cs 
0 0 
d 
41 
en 
<ri 
oo 
cs 
cs 
cs 
d 
0 0 
i r i 
^ 
C*^  
cs 
d 
41 
NO 
0 0 
i n 
O 
t o 
c 
O 
C N I 
fS 
en 
ON 
O N 
r n 
c^ 
ON 
i n 
CS 
1 
ON 
rn 
CS 
r n 
d 
NO 
T f 
r i 
0 0 
cs 
m 
cs 
d 
T f 
'^ 
1—1 
CS 
c^ 
cs 
d 
^ 
— 
»—H 
»—< 
o 
wn 
d 
41 
o 
i n 
^ 
-Q 
O 
t : 
o 
cs 
^-4 
1 — * 
O N 
CS 
m 
rn 
C4 
( N 
d 
41 
i n 
CNJ 
r n 
NO 
0 0 
f - H 
o 
NO (^ 
m 
d 
cs 
m 
d 
41 
rn 
«n 
m 
CJN 
CS 
d 
NO 
rn 
i n 
t—H 
'^ 
0 0 
o 
d 
rn 
T3 
O 
oo 
0) 
on 
m 
>n 
d 
NO 
t 
o 
cs 
<n 
0 0 
oo 
<N 
d 
cs 
cs 
rn i r i 
d 
0 0 
CN) 
m 
NO 
>n 
m 
d 
41 
00 
cs' 
m 
r-
r-
rn 
cs 
cs 
d 
41 
i n 
00 
rn 
m 
^ 
cs 
cs 
m 
d 
41 
NO 
ON 
rn 
m 
^ 
"O 
1 
o _^ 
2 S 
i n 
0 0 
in 
0 0 
0 0 
NO 
0 0 
d 
NO 
0 0 
m 
m 
1 — « 
rn 
^ 
00 
d 
41 
>n 
o 
ON 
00 
NO 
d 
NO 
m 
ON 
m 
ON 
K 
>n 
d 
41 
NO 
ON 
m 
00 
i n 
"^ r 
cs 
d 
NO 
NO 
m 
1 
^ 
"5 
o - -^ 
<n 
O 
T T 
d 
o 
ON 
O N 
NO 
d 
5 
CS 
ON 
0 0 
NO 
d 
41 
o 
d 
<n 
m 
r-^  
cs 
>n 
d 
41 
o^ 
m 
cs 
0 0 
r~^  
>n 
d 
d 
m 
T T 
rn 
i n 
d 
41 
m 
d 
Ti-
•*-» 
c 
o . 
> 
values for number of fertile branches per plant and number of pods per plant 
showed increase in both the varieties except in combination treatment y-
rays+MMS where mean values showed decrease in var. minor. The pooled 
mean values for pod length, pod ginh and number of seeds per pod remained 
almost unchanged in both the varieties. The pooled mean values for 100-seed 
weight either remained unchanged or decreased particularly in combination 
mutagens in both the varieties, whereas the pooled mean values for total yield 
per plant showed significant increase in both the varieties. 
The polygenic variability measured in terms of coefficient of variation 
(CV%) in all the mutagenic treatments increased as compared to control. The 
maximum coefficient of variability was recorded for fertile branches per plant 
and number of seeds per pod followed by pod length and pod girth, but in var. 
major the maximum coefficient of variability was recorded for pod length and 
pod girth followed by number of fertile branches per plant and number of seeds 
per pod. The coefficient of variability was more for fertile branches per plant 
and seeds per pod in var. minor than var. major, whereas coefficient of 
variability was more for pod length and pod girth in var. major than var. minor. 
4.2 STUDIES IN M2 GENERATION 
4.2.1 Seed germination 
Seed germination in the untreated populations (control) was 94.79% and 
93.75% in var. minor and var. major respectively. In treated populations, a dose 
dependent decrease in seed germination and increase in percent inhibition was 
observed in all mutagenic treatments either separately or in combination 
(Graphs 4 & 5). The highest inhibition 38.46% and 36.67% was recorded at 
20kR+0.04% MMS in var. minor and var. major respectively. The combination 
treatment 20kR+0.4% EMS showed 35.17% and 35.47% inhibition in var. 
minor and var. major respectively. In the highest dose of MMS and EMS 
(0.04% and 0.4%), the inhibition recorded was 30.77% and 25.28% in var. 
minor and 33.33% and 23.34% in var. major respectively. The inhibition in the 
90 
highest dose of gamma rays i.e., 40kR was 29.68% and 27.79% in var. minor 
and var. major respectively. Although seed germination continued to decrease 
in the mutagenic treatments in M2, but the extent of inhibition was low as 
compared to Mi generation, showing the decrease in mutagenic effect in M2 
generation. The pooled mean values indicated that combination treatments 
were more effective in reducing the gennination percentage in both varieties. 
The order of effectiveness in both varieties was y-rays + MMS > y-rays + EMS 
> MMS > y-rays > EMS. In all the combination treatments the effect on 
germination was less than additive in both varieties except lOkR+0.2% EMS 
and 20kR+0.3% EMS in var. minor and var. major respectively where additive 
effect on germination was observed (Tables 18 and 19). 
4.2.2 Plant survival 
In all the mutagenic treatments, survival percentage was reduced as 
compared to control in both varieties in M2 generation, however, the reduction 
was less as compared to Mj. Dose dependent reduction in survival percentage 
was recorded in combination treatments in both the varieties (Graphs 4 & 5). 
Maximum lethality 16.63% and 15.63% and 12.50% and 11.46% was recorded 
in the combination treatment 20kR+0.04% MMS and 20kR+0.4% EMS in var. 
minor and var. major respectively. The highest dose of MMS and EMS i.e., 
0.04% and 0.4% showed 7.29% and 4.17% reduction in plant survival in var. 
minor and 6.25% and 4.08% in var. major respectively. The pooled mean 
values indicated that combination treatments continued to be most effective 
followed by individual treatments and the order of effectiveness was y-
rays+MMS>y-rays+EMS>MMS>y-rays>EMS in both the varieties (Tables 18 
and 19). However, var. minor was found to be more sensitive to individual and 
combined treatments than var. major. 
It is interesting to note that the values of 'K' decreased in M2 as 
compared to Mi generation, but almost all combined treatments showed 
additive effect except lOkR+0.01% MMS which showed less than additive 
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effect. The synergistic effects recorded in y-rays+MMS treatments were 1.36 at 
20kR+0.04% MMS, 1.40 at 20kR+0.03% MMS and 1.43 at lOkR+0.02% 
MMS, whereas the 20kR+0.4% EMS; 20kR+0.3% EMS, 20kR+o:2% EMS^ahd 
20kR+0.1% EMS showed 1.50, 1.33, 1.60 and 1.33 coefficient of interaction 
respectively in var. minor, while in var. major all the combination treatments 
for plant survival showed additive effect without any exception. 
4.2.3 Pollen fertility 
The pollen fertility generally decreased with an increase in mutagenic 
treatments (Graphs 4 & 5). The M2 treated populations showed less pollen 
sterility as compared to control, but the var. minor showed more pollen sterility 
as compared to var. major. However, the order of effectiveness as shown by the 
pooled mean values were y-rays+MMS>y-rays+EMS>MMS>y-rays>EMS 
which was similar as in Mi generation. 
The values of 'K' were less than additive in most of the combination 
treatments in both the varieties. However, the synergistic effect was also 
achieved in some of the treatments. All the combination treatments of y-rays 
with MMS showed less than additive effect in both the varieties, whereas 
lOkR+0.1% EMS and 20kR +0.4% EMS showed synergistic effect in var. 
minor. The lOkR+0.2% EMS and 20kR+0.3% EMS showed less than additive 
effect. In var. major the lOkR + 0.1% EMS, lOkR+0.2% EMS and 20kR+0.4% 
EMS showed additive effects, whereas, 20kR+0.3% EMS showed less than 
additive effects (Tables 18 and 19). 
4.2.4 Chlorophyll mutations 
Based on intensity of pigmentation at seedling stage, 6 types of 
chlorophyll mutants i.e., albina, chlorina, maculata, tigrina, virescence and 
xantha were isolated in the segregating M2 plants of both the varieties of broad 
bean. All these types of chlorophyll mutants were isolated in the individual as 
well as in combination treatments of y-rays with MMS and EMS. The 
representative photographs of chlorophyll mutants are given in Plate XXVII-
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XXX (Figs. 285-298). The frequency of chlorophyll mutants was more in 
combined treatments than the individual mutagens (Graphs 6 & 7). The order 
of effectiveness was y-rays+MMS>Y-rays+EMS>MMS>y-rays+EMS. The 
varietal sensitivity was also observed. A brief description of these chlorophyll 
mutants is given below; 
Albina: Seedlings were white in colour and relatively smaller than the normal 
looking seedlings of the same age, the mutants survived for 8-10 days only. 
Chlorina: Seedlings were either light green or pale yellowish green to 
yellowish-green in colour, the seedlings survived for 25-30 days and finally 
died. 
Maculata: Seedlings showed yellow or whitish dots on their leaves and some 
times on stem too, the mutants either died within 35-40 days or survived till 
maturity but no seed set was observed. 
Tigrina: This mutant had characteristic transverse, yellowish and whitish 
bands on their leaves and had survived till maturity producing a few seeds. 
Virescence: Seedlings were light yellow or light green in the early stage but 
later on became dark green. The mutants produced normal looking flowers and 
also set a few seeds. 
Xantha: Seedlings were straw yellow in colour and showed normal growth in 
the beginning but started withering away on the 15"^  day and ultimately died 
within twenty days. 
4.2.4.1 Frequency and Spectrum of Chlorophyll mutations 
A detailed analysis of frequency of chlorophyll mutations induced by 
chemical, physical and their combination treatments in broad bean are 
presented in the Tables 20 and 21. 
The chlorophyll mutation frequency was calculated on Mi progeny as 
well as on M2 population basis. However, the trend of mutation frequency was 
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more or less similar in both the methods. Therefore, the results are described on 
M2 population basis. 
It is clear from the tables that the two varieties of broad bean differed in 
their response to different mutagens in relation to frequency of chlorophyll 
mutations and the var. minor appeared to produce more chlorophyll mutations 
than the var. major. The frequency of chlorophyll mutations increased with an 
increase in dose/concenfration. The highest frequency of chlorophyll mutations 
was observed in the combination treatments followed by MMS, y-rays and 
EMS. However, var. minor showed more frequency of chlorophyll mutations 
than var. major. 
The pooled mean values for chlorophyll mutations showed that the 
combination treatment y-rays+MMS induced 18.35% and the combination 
treatment y-rays+EMS induced 15.88% in var. minor, while the same treatment 
induced 14.82% and 13.53% in var. major. The pooled mean values for 
individual mutagens showed that the MMS, y-rays and EMS induced 11.99%, 
10.92%, 8.66% and 9.34%, 10.56%, 6.87% in var. minor and var. major 
respectively. Moreover, frequency of chlorina mutants was highest followed by 
xantha and tigrina in individual as well as combination treatments. 
The interaction coefficient was less than additive in most of the 
combination treatments in both the varieties except at 20kR+0.04% MMS in 
var. minor and lOkR+0.1% EMS in var. major which showed synergistic or 
additive effect. 
4.2.5 Mutagenic effectiveness and efficiency 
Mutagenic effectiveness based on chlorophyll mutations per M2 plants 
was calculated to assess the frequency of mutations induced by each 
dose/concentration of the mutagens. Perusal of results (Tables 22 and 23) 
revealed that effectiveness of various mutagens and the response of varieties 
was varying. The effectiveness did not show any frend in the treated 
population. However, the maximum effectiveness was observed in combined 
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treatments as compared to individual mutagens. The y-rays and MMS induced 
almost same frequency of effectiveness. The EMS was found to be least 
effective in var. minor. In var. major, the combination treatments were most 
effective followed by individual treatments. The y-rays were more effective 
followed by MMS and EMS. 
In general, the combination treatments proved to be more effective in 
causing chlorophyll mutations than individual mutagens in both the varieties. 
The EMS was least effective. However, among these two varieties the response 
to mutagenic effectiveness was more in var. minor than var. major. 
Mutagenic efficiency refers to the proportion of mutations in M2 in 
relation to the biological damage caused in the M] generation. The mutagenic 
efficiency was calculated by using following five different criteria:-
a) Mutagenic efficiency based on inhibition (Mf/R) 
b) Mutagenic efficiency based on injury (Mf/I) 
c) Mutagenic efficiency based on lethality (Mf/L) 
d) Mutagenic efficiency based on sterility (Mf/S) 
e) Mutagenic efficiency based on meiotic aberrations (Mf/M) 
The mutagenic efficiency seemed to vary depending on the criteria 
selected for its estimation and the degree of efficiency of various mutagens also 
showed variation (Table 22 and 23). 
The efficiency calculated on the basis of lethality was generally higher 
followed by the efficiency based on sterility as compared with that based on 
inhibition, injury and meiotic aberrations in both the varieties of broad bean. 
Mutation rate based on inhibition, injury, lethality, sterility and meiotic 
abnormalities was highest among the combination treatments in both the 
varieties. However, among the individual mutagens, MMS showed higher 
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mutation rate based on lethality, sterility, injury and meiotic abnormalities 
followed by gamma rays and EMS (Tables 22 and 23). 
4.2.6 Cytological observations in M2 generation 
The control plants of two broad bean varieties viz., var. minor and var. 
major revealed 6 perfect bivalents (2n=12) at diakinesis as well as metapliase-I. 
These bivalents segregated equally into 6:6 ratio at anaphase-I. Telophase was 
also normal. 
A study of microsporogenesis of plants raised from treated seeds 
revealed various chromosomal aberrations. The types of chromosomal 
aberrations were more or less same, but the frequency was different in the two 
varieties (Graph 8). The frequency of various meiotic aberrations and the total 
number of PMCs scored in each dose/concentration along with respective 
controls are presented in the Tables 24 and 25. The total frequency of meiotic 
aberrations in each dose/concentration at different stages of meiosis and the 
coefficient of interaction (K) for various combination treatments is presented in 
Table 26. 
The mutagenic treatments resulted in a number of meiotic aberrations in 
M2. The frequency of meiotic aberrations recorded in M2 was less than the M]. 
The most frequent aberrations recorded at metaphase-I/II were univalents, 
multivalents, stickiness, precocious separations, non-orientation of bivalents 
and fragments. The dominant chromosomal aberrations at anaphase-I/II were 
laggards, bridges, unequal separation, non-disjunction of chromosomes and 
cytomixis. The dominant chromosomal aberrations at telophase-I/II were 
disturbed polarity, micronuclei, multinucleate condition and cytomixis. 
Representative cytological features of M2 generation are shown in Plate X-
XVII (Figs. 103-192). 
It is evident from the Tables that almost all types of chromosomal 
aberrations increased with an increase in the mutagenic treatment in both the 
varieties with a few exceptions. 
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4.2.6.1 Chromosomal aberrations at metaphase-I and 11 
1) Univalents 
The frequency of univalents ranged from 2-8 per PMC at metaphase-I 
(Plate X, Fig. 112). The frequency of PMCs showing univalents ranged from 
0.54%-1.45% (EMS), 0.73%-1.63% (y-rays), 0.73%-1.63% (MMS), 0.71%-
1.82% (y-rays+EMS) and 0.90%-1.98% (y-rays+MMS) in var. minor, whereas 
the frequency of PMCs with univalents ranged from 0.36%-1.27% (EMS), 
0.55%-1.45% (y-rays), 0.54%-1.46% (MMS), 0.71%-1.63% (y-rays+EMS), 
0.73%-1.81% (y-rays+MMS) in var. major. The maximum frequency of PMCs 
with univalents was 1.98% and 1.81% at 20kR+0.04% MMS in var. minor and 
var. major respectively. 
2) Multivalents 
Multivalents were observed in the form of trivalents, tetravalents and 
hexavalents at the metaphase-I in the treated populations (Plate X, XI, Figs. 
103-112, 114, 116-126). Higher doses of all the mutagens induced more 
multivalent formation. The frequency of PMC with multivalents was 0.90%-
1.82% (EMS), 1.09%-1.81% (y-rays), 1.10%-2.00% (MMS), 1.07%-2.00% 
(y-rays+EMS) and 1.08%-2.34% (y-rays+MMS) in var. minor, whereas the 
frequency of PMCs with multivalents ranged from 0.72%-1.63% (EMS) and 
0.73%-1.63% (y-rays), 0.72%-1.82% (MMS), 0.89%-1.99% (y-rays+EMS) 
and 0.91%-1.99% (y-rays+MMS) in var. major. The maximum frequency of 
multivalents was 2.34% and 1.99% at 20kR+0.04% MMS in var. minor and 
var. major respectively. 
3) Stickiness 
Stickiness or clumping of chromosomes at metaphase-I was the most 
common of all the meiotic aberrations (Plate XII, Figs. 127-134, 138). 
Chromosomes clumped either into different groups or in some PMCs all the 
bivalents were clumped in one group. The frequency of bivalents with 
stickiness of chromosomes ranged from 0.72%-1.64% (EMS), 0.73%-1.81% 
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(Y-rays), 0.73%-2.00% (MMS), 0.71%-2.18% (y-rays+EMS) and 0.72%-
2.34% (y-rays+MMS) in var. minor, whereas frequency of PMCs with 
stickiness ranged from 0.54%-1.45% (EMS), 0.55%-1.63% (y-rays), 0.54%-
1.82% (MMS), 0.53%-1.99 (y-rays+EMS) and 0.54%-2.17% (y-rays+MMS) 
in var. major. The maximum frequency of PMCs with multivalents was 2.34% 
and 2.17% at 20kR+0.04% MMS in var. minor and var. major respectively. 
4) Precocious movement 
Precocious movement or early disjunction of chromosomes was also 
recorded in all the treated populations in both the varieties (Plates XII, XIII, 
Figs. 135-137, 139-144). The frequency of PMCs with precocious separation 
ranged from 0.54%-1.27% (EMS), 0.54%-1.44% (y-rays), 0.55%-1.63% 
(MMS), 0.53-1.82% (y-rays+EMS) and 0.72%-1.98% (y-rays+MMS) in var. 
minor, whereas the frequency of PMCs with precocious separation ranged from 
0.18%-! .09% (EMS), 0.18%-'1.27% (y-rays), 0.18%-! .64% (MMS), 0.17%-
1.81% (y-rays+EMS) and 0.54%-1.99% (y-rays+MMS) in var. major. The 
maximum frequency of PMCs with precocious separation of chromosomes was 
1.98% and 1.99% at 20kR+0.04% MMS at var. minor and var. major 
respectively. 
5) Non-orientation of bivalents 
The non-orientation of bivalents was observed in all the treatments in 
both the varieties. The frequency of PMCs with non-orientation of bivalents 
ranged from 0.72%-1.45% (EMS), 0.91%-1.63% (y-rays), 0.91%-1.82% 
(MMS), 0.89%-2.00% (y-rays+EMS) and 0.90%-2.16% (y-rays+MMS) in var. 
minor, whereas the frequency of PMCs with non-orientation of bivalents 
ranged from 0.54%-1.27% (EMS), 0.55%-1.63% (y-rays) 0.54%-2.01% 
(MMS), 0.53%-2.17% (y-rays+EMS) and 0.91%-1.99% (y-rays+MMS) in var. 
major. The maximum frequency of PMCs with non-orientation of bivalents 
was 2.16% at 20kR+0.04% MMS and 2.17% at 20kR+0.3% EMS in var. minor 
and var. major respectively. 
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6) Fragments 
The fragments were observed in most of the treatments (Plate XIII, Fig. 
140) with some exceptions in var. minor (0.1%, 0.2% EMS and lOkR y-rays) 
and in var. major (0.1, 0.2% EMS, lOkR y-rays, 0.01% MMS, lOkR-hO.1% 
EMS and 10kR+0.01%MMS). The frequency of PMCs with fragments was 
0.36%-0.54% (EMS), 0.17%-0.91% (y-rays), 0.18%-0.91% (MMS), 0.17%-
0.91% (y-rays+EMS) and 0.18%-1.08% (y-rays+MMS) in var. minor, whereas, 
the frequency of PMCs with fragments was 0.18%-0.54% (EMS), 0.18%-
0.54% (y-rays), 0.36%-0.73% (MMS), 0.36%-0.72% (y-rays+EMS) and 
0.36%-0.90%) (y-rays+MMS) in var. major. The maximum frequency of PMCs 
with fragments was 1.08% and 0.90% at 20kR + 0.04% MMS in var. minor and 
var. major respectively. 
4.2.6.2 Chromosomal aberrations at anaphase-I and II 
The laggards, bridges, unequal separation, non-disjunction and 
cytomixis were observed at anaphase-I/II. 
1) Laggards 
The frequency of lagging chromosomes ranged from 1-4 per PMC. 
These laggards were present either as univalents or as whole bivalents at 
anaphase stages (Plate XIII, 148-150). The laggards were present almost in all 
the treatments in both the varieties with an exception in var. minor (0.1% EMS) 
and few exceptions in var. major (0.1% EMS, lOkR y-rays, 0.01% MMS and 
10kR+ 0.1%) EMS). The frequency of PMCs with laggards ranged from 
0.55%-1.09% (EMS), 0.18%-1.26% (y-rays), 0.18%>-1.45% (MMS), 0.17%-
1.64% (y-rays+EMS) and 0.36%-1.80% (y-rays+MMS) in var. minor, whereas 
the frequency of PMCs with laggards ranged from 0.36%-0.90% (EMS), 
0.54%-1.09% (y-rays), 0.73%-1.27% (MMS), 0.90%-1.44% (y-rays+EMS) 
and 0.18%-1.63% (y-rays+MMS) in var. major. The maximum frequency of 
PMCs with laggards was 1.80%> and 1.63% at 20kR+0.04% MMS in var. minor 
and var. major respectively. 
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2) Bridges 
Bridges at anaphase-I/II stages were frequently observed in all the 
combination treatments in both the varieties (Plate XIII, Figs. 146-154, 160-
168). Both single, double and multiple bridges were observed. The bridges 
were occasionally accompanied with fragments also. The frequency of PMCs 
with bridges ranged from 0.90%-1.45% (EMS), 1.09% 1.63% (y-rays), 1.10%-
1.82%% (MMS), 1.07%-2.00% (y-rays+EMS) and 1.08%-2.16% (y-
rays+MMS) in var. minor, whereas the frequency of PMCs with bi'idges ranged 
from 0.72%-1.27% (EMS), 0.92%-1.45% (y-rays), 0.91%-1.64% (MMS), 
0.89%-1.81% (y-rays+EMS) and 0.91-1.99% (y-rays+MMS) in var. major. 
The maximum frequency of PMCs with bridges was 2.16% and 1.99% at 
20kR+0.04% MMS in var. minor and var. major respectively. 
3) Unequal separation 
Unequal separation of chromosomes at anaphase-I was noticed in all the 
treatments (Plate XVII, Fig; 186) in both the varieties with a few exceptions in 
var. major (0.1% and lOkR y-rays). The chromosomes segregated in the ratio 
of 7:5, 8:4 and so on during anaphase-I. The frequency of PMCs with unequal 
separation of chromosomes ranged from 0.18%-O.72% (EMS), 0.18%-0.90% 
(y-rays), 0.36%-1.09% (MMS), 0.53%-1.27% (y-rays+EMS) and 0.72%-
1.62% (y-rays+MMS) in var. minor, whereas the frequency of PMCs with 
unequal separation ranged from 0.18%-0.54% (EMS), 0.36%-0.72% (y-rays), 
0.18%-0.91% (MMS), 0.35%-1.08% (y-rays+EMS) and 0.54%-1.44% (y-
rays+MMS) in var. major. The maximum frequency of PMCs with unequal 
separation of chromosomes was 1.62% and 1.44% at 201cR+0.04% MMS in 
var. minor and var. major respectively. 
4) Non-disjunction 
Non-disjunction of chromosomes at anaphase was observed in almost all 
the treatments (Plate XV, Fig. 169) in var. minor except in 0.1% EMS, whereas 
in var. major the lower doses i.e., 0.1% EMS, 0.2% EMS, lOkR y-rays, 0.01% 
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MMS, lOkR+0.1% EMS and lOkR+0.01% MMS did not show the non-
disjunction of chromosomes. The frequency of PMCs with non-disjunction of 
chromosomes ranged from 0.18%-0.54% (EMS), 0.18%-0.72% (y-rays), 
0.18%-0.91% (MMS), 0.17%-1.09% (y-rays+EMS) and 0.18%-1.26% (y-
rays+MMS) in var. minor, whereas the frequency of PMCs with non-
disjunction of chromosomes ranged from 0.18%-0.36% (EMS), 0.18%-0.54% 
(y-rays), 0.36%-O.73% (MMS), 0.36%-0.90% (y-rays+EMS) and 0.72%-
1.26% (y-rays+MMS) in var. major. The maximum frequency of PMCs with 
non-disjunction of chromosomes was 1.26% at 20kR+0.04% MMS in both the 
varieties. 
5) Cytomixis 
The cytomixis at anaphase stages was observed in almost all the 
treatments (Plate XVI, Figs. 175-180) in both the varieties with some 
exceptions (0.1% EMS, lOkR y-rays in var. minor and 0.1%, 0.2%, 0.3% EMS, 
lOkR y-rays and 0.01% MMS in var. major). The frequency of PMCs with 
cytomixis ranged from 0.18%-0.36% (EMS), 0.35%-0.54% (y-rays), 0.18%-
0.72% (MMS), 0.17%-0.91% (y-rays+EMS) and 0.36%-1.26% (y-rays+MMS) 
in var. minor, whereas in var. major, it was 0.36% (EMS), 0.18%-0.54% (y-
rays), 0.36%-0.54% (MMS), 0.17%-0.72% (y-rays+EMS) and 0.18%-1.08% 
(y-rays+MMS) in var. major. The frequency of PMCs with cytomixis was 
1.26% and 1.08% at 20kR+0.04% MMS in var. minor and var. major 
respectively. 
4.2.6.3 Chromosomal aberrations at telophase-I and II 
The frequent chromosomal aberrations at telophase-I/II were disturbed 
polarity, micronuclei, multinucleate condition and cytomixis. 
1) Disturbed polarity 
Disturbed polarity was commonly observed at telophase-II stage of 
meiosis (Plate XV, Figs. 170-174). The disturbed polarity was observed in all 
the treatments in both the varieties. The frequency of PMCs with disturbed 
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polarity ranged from 1.09%-2.00% (EMS), 1.09%-2.17% (y-rays), 1.28%-
2.18% (MMS), 1.07%r-2.18% (y-rays+EMS) and 1.26%-2.52% (y-rays+MMS) 
in var. minor, whereas the frequency of PMCs with disturbed polarity ranged 
from 0.72%-1.63% (EMS), 0.73%-1.82% (y-rays), 0.91%-1.82% (MMS), 
0.89%-1.99% (y-rays+EMS) and 0.91%-2.17% (y-rays+MMS) in var. major. 
The maximum frequency was 2.52% and 2.17% at 20kR+0.04% MMS in var. 
minor and var. major respectively. 
2) Micronuclei 
Micronuclei were frequently observed at teiophase-IAI stages in almost 
all the mutagenic treatments (Plate XVII, Fig. 192) with a few exceptions 
(0.1% EMS and lOkR y-rays in var. minor and 0.1% EMS, lOkR y-rays and 
lOkR+0.1%) EMS in var. major) in both the varieties. The frequency of PMCs 
with micronuclei ranged from 0.36%-0.91% (EMS), 0.53%-1.08 (y-rays), 
0.18%-1.27% (MMS), 0.17%-1.45% (y-rays +EMS) and 0.36%-1.62% (y-
rays+MMS) in var. minor, whereas the frequency of PMCs with micronuclei 
ranged from 0.18%-0.72% (EMS), 0.36%-0.91% (MMS), 0.18%-!.09% 
(MMS), 0.72%-1.26% (y-rays+EMS) and 0.18%-1.44% (y-rays+MMS) in var. 
major. The highest frequency of PMCs with micronuclei was 1.62% and 1.44% 
in var. minor and var. major respectively. 
3) Multinucleate condition 
Multinucleate condition was observed in almost all the treatments in 
both the varieties with a few exceptions (0.1 %> EMS in var. minor and 0.1%) 
and 0.2%) EMS in var. major). The frequency of PMCs with multinucleate 
condition ranged from 0.18%-0.91% (EMS), 0.36%-1.26% (y-rays), 0.73%-
1.45% (MMS), 0.71%^1.64% (y-rays+EMS) and 0.90%-1.98% (y-rays+MMS) 
in var. minor, whereas llie frequency of PMCs with multinucleate condition 
ranged from 0.18%-0.72% (EMS), 0.18%-1.09% (y-rays), 0.54%-1.27% 
(MMS), 0.53%)-1.44% (y-rays+EMS) and 0.73%-1.81% (y-rays+MMS) in var. 
major. The maximum frequency of PMCs with multinucleate condition was 
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1.98% and 1.81% at 20kR+0.04% MMS in var. minor and var. major 
respectively. 
4) Cytomixis 
Cytomixis was observed in almost in all the treatments with some 
exceptions (0.1, 0.2% EMS and lOkR y-rays in both the varieties). The 
frequency of PMCs with cytomixis was 0.36% (EMS), 0.53%-0.72% (y-rays), 
0.55%-0.91% (MMS). 0.71%-1.27% (y-rays+EMS), 0.90%-1.44% (y-
rays+MMS) in var. minor, whereas in var. major it ranged from 0.18%-f).36% 
(EMS), 0.36%-0.54% (y-rays), 0.36%-0.73% (MMS), 0.53%-1.08% (y-
rays+EMS), 0.73%-!.26% (•y-rays+MMS). The maximum frequency of PMC's 
with cytomixis was 1.44% and 1.26% at 20kR+0.04% MMS in var. minor and 
var. major respectively. 
Perusal of the results in the Table 23 revealed that meiotic aberrations 
increased with the increase in dose/concentration of each mutagen in both 
individual as well as in combination treatments. The overall frequency of 
meiotic aberrations at various stages of meiosis indicated that metaphase 
aberrations were more common followed by anaphase or telophase aberrations. 
Combination treatments were most effective followed by individual mutagenic 
treatments in inducing the maximum frequency of overall meiotic aberrations 
in both the varieties. The frequency of meiotic aberrations was comparatively 
more in var. minor than var. major. Moreover, the frequency of meiotic 
aberrations recorded in M2 was less than Mi. The values of 'K' were less than 
additive in var. minor except at lOkR+0.2% EMS where the 'K' was additive. 
The values of K were less than additive in var. major also except at lOkR+0.2% 
EMS and lOkR+0.02% MMS where values of 'K' were additive. 
4,2.6.4 Chinsnin frequency in M2 Reneration 
Number of PMCs from treated as well as untreated (control) plants were 
studied and chiasmata per cell was calculated (Table 27 & 28). Results 
pertaining to the frequency of chiasmata per cell in the treated plants as 
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compared to their respective controls clearly indicate that the chiasmata per cell 
decreased more in combined treatments with the increase of univalents and rod 
bivalents than the individual mutagenic treatments. The pooled mean of 
chiasmata per cell showed 19.40 (EMS), 19.05 (y-rays), 18.78 (MMS), 17.78 
(y-rays+EMS) and 16.93 (y-rays+MMS) in var. minor, while in var. major the 
chiasmata per cell were 19.90 (EMS), 19.43 (y-rays), 19.55 (MMS), 17.95 (y-
rays+EMS) and 17.78 (y-rays+MMS). 
The pooled mean frequency of univalents were 0.35 (EMS), 0.45 (y-
rays), 0.55 (MMS), 0.85 (y-rays+EMS) and 0.95 (y-rays+MMS) in var. minor, 
while in var. major the pooled mean frequency of univalents was 0.25 (EMS), 
0.35 (y-rays), 0.50 (MMS) 0.65 (y-rays+EMS) and 0.75 (y-rays+MMS). The 
pooled mean frequency of multivalents was 0.45 (EMS), 0.55 (y-rays), 0.65 
(MMS), 0.93 (y-rays+EMS) and 0.98 (y-rays+MMS) in var. minor, while in 
var. major the pooled mean frequency of multivalents was 0.35 (EMS), 0.48 (y-
rays), 0.70 (MMS), 0.75 (y-rays+EMS) and 0.85 (y-rays+MMS). 
The pooled mean frequency of rod bivalents was 1.00 (EMS), 1.03 (y-
rays), 1.05 (MMS), 2.00 (y-rays+EMS) and 2.00 (y-rays+MMS) in var. minor, 
while in var. major the pooled mean frequency of rod bivalents was 1.15 
(EMS), 1.43 (y-rays), 1.13 (MMS), 1.25 (y-rays+EMS) and 1.17 (y-
rays+MMS). The pooled mean of ring bivalents was 4.13 (EMS), 4.00 (y-rays), 
3.75 (MMS), 2.20 (y-rays+EMS) and 2.35 (y-rays+MMS) in var. minor, while 
the pooled mean of ring bivalents was 4.38 (EMS), 3.80 (y-rays), 3.45 (MMS), 
3.40 (y-rays+EMS) and 3.35 (y-rays+MMS). 
4.2.7 Morphological mutations 
To understand the response of two varieties of broad bean to different 
types of mutagenic treatments, ihe control as well as treated populations were 
screened carefully to identify various types of viable morphological mutations 
(Macromutations) at different stages of growth in the M2 generation. A detailed 
analysis of frequency of morphological mutations induced by EMS, gamma 
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rays, MMS and their combination treatments is presented in the Tables 29 and 
30. The representative photographs of macromutants and their morphological 
features isolated in Mj generation are given in Plate XXXI-LVII (Figs. 306-
393). The frequency of each mutant type out of the total morphological 
mutations and the frequency induced by 5 different mutagens are shown in the 
Table 31. 
A wide range of viable morphological mutations affecting almost all 
parts of the plant and seed characteristics were isolated in M2 generation. All 
these macromutations were classified on the basis of trait affected and their 
frequency was computed as in case of chlorophyll mutations. There were 
differences in the mutation spectrum both in between the varieties and among 
the mutagenic treatments. However, many similarities were also noticed 
between the two varieties with respect to spectrum and frequency of a 
particular mutation. A brief description of viable macromutations is given 
below. 
1. Mutations affecting plant height 
a) Tall mutants: These mutants had remarkable increase in plant height and 
were isolated from all mutagenic treated populations, hoWever, gamma rays 
and y-rays+EMS induced maximum frequency of tall mutants followed by y-
rays+MMS and MMS in both the varieties. Out of the total morphological 
mutations the frequency of tall mutants was 1.88% in var. minor and 1.79% in 
var. major. The mutants had more fertile branches and higher pod number per 
plants as compared to the parental variety. 
b) Dwarf mutants: These mutants were observed in all the populations treated 
with single mutagen or their combination. The dwarf mutants were more in 
combination treatments followed by EMS and MMS, whereas y-rays were least 
effective in inducing dwarfness. The mutants showed profuse branching, short 
intemodes, comparatively smaller pods and their height ranged from 3 0-3 5cm. 
The frequency of these mutants was 2.53% and 2.75% in vars. minor and major 
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respectively, however, their frequency was maximum in combination 
treatments followed by MMS and EMS in var. major, whereas their frequency 
in var. minor was maximum in y-rays+EMS and MMS followed by EMS and 
y-rays treated population. 
c) Semi-dwarf: The semi-dwarf mutants were observed in all he treated 
populations and were more in EMS followed by MMS and y-rays+EMS. These 
mutants showed smaller intemodes, more foliage and more yield. Their pollen 
fertility was unaffected. Their frequency was 3.00% and 3.30% in var. minor 
and var. major respectively. 
2. Mutations affecting growth habit 
a) Bushy, compact mutants: These mutants were isolated from sepai-ate as 
well as combined treatments. The frequency of such mutants was maximum in 
combination treatments followed by y-rays and MMS in var. minor, whereas in 
var. major the maximum number was isolated in y-rays+EMS and y-rays 
treated population followed by MMS treatment. The minimum frequency was 
found in EMS and y-rays+MMS treatments. These mutants showed slight 
reduction in height with condensed intemodes and compactness of branches. 
The leaflets were normal but very compact. Pollen fertility and yield was 
normal. The frequency of these mutants was 4.10% in var. minor and 3.83% in 
var. major. 
b) Prostrate mutants: These mutants were initially straight but later on 
acquired prosfrate habit. The branching was sparse running close to the ground. 
Pollen fertility ranged from 65-70% and the seed set was nomial. They were 
equally more in combination treatments of y-rays+EMS and in individual 
treatments of EMS and y-rays followed by y-rays+EMS and MMS in both the 
varieties. However, their frequency was 4.10% in var. minor and 3.83% in var. 
major of the total viable mutations. 
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3. Mutations affecting leaf morphology 
One of the most common alterations in the appearance of plants due to 
mutagenic treatments was modification in leaf shape. Different types of leaf 
shape mutants were isolated. All these types were induced both in separate and 
combination mutagenic treatments. 
a) Broad leaf, gigas mutants: These mutants were tall looking with less 
number of secondary branches and were vigorous with large thick, hairy 
leaflets which were closely placed. The fruit size was larger with only few 
seeds. The firequency of these mutants was more in y-rays+EMS followed by 
combination treatments in both the varieties. The frequency of these mutants 
was 3.24% and 3.12% of the total macromutations in var. minor and var. major 
respectively. 
b) Small narrow leaf mutants: These mutants had small and narrow leaflets, 
normal branching narrow pods with few small seeds. Mutants showed delayed 
flowering and maturity. The pollen fertility was 65-75%. Yield was slightly 
less. The frequency of these mutants was more in y-rays and EMS followed by 
y-rays+MMS and MMS treatments in both the varieties. The frequency of such 
mutants was 3.02% and 2.98% in var. minor and var. major respectively. 
c) Reduced number of leaflets: These mutants had small, narrow and less 
number of leaflets. Plant height was slightly less. Both flowering and maturity 
was delayed. Pollen rertility was 50-55% with less number of pods than their 
control varieties. These mutants were isolated more in MMS and y-rays 
followed by y-rays+EMS and EMS in var. minor, while in var. major these 
mutants were isolated equally more in y-rays+EMS and MMS followed by y-
rays and EMS in var. majo'r. The frequency of such mutants was 2.35% and 
2.40% in var. minor and var. major respectively. 
d) Increased number of leaflets: These mutants were isolated both in separate 
and combined mutagenic treatments but were more in y-rays and EMS 
followed by MMS and y-rays+MMS and were least found in y-rays+EMS in 
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both the varieties. These mutants were characterized by considerable increase 
in number of leatlets, short and profuse secondary branching increased number 
of pods with five flowers on a inflorescence. The pollen fertility ranged from 
65-75%. The mutants were more productive. Out of total macromutations the 
frequency of these mutants was 3.06% and 2.80% in var. minor and var. major 
respectively. 
4. Mutation affecting flower characters 
a) Large flower mutants: These were isolated both from separate and 
combination treatments. However, their frequency was more in EMS and y-
rays+MNIS treatments followed by MMS in var. minor, whereas their 
frequency was equally more in combination treatments followed by MMS in 
var. major. These plants were tall and showed more branching. The number of 
leaves per plant was more, leaflets were longer, broader and seriated. The most 
characteristic feature of these mutants was larger flowers which showed normal 
pod and seed setting. Pollen fertility ranged from 50-60% and the number of 
seeds per pod was very few and the seeds were bold. Out of the total mutations 
the frequency of these mutants was 2.06% in var. minor and 2.04% in var. 
major. 
b) Penta flower mutants: These mutants were isolated both in separate and 
combination treatments but were more in separate mutagenic treatments of 
EMS and y-rays followed by MMS and y-rays + EMS and were least found in 
y-rays+MMS in both the varieties. The plants showed normal height, leaves 
were more in number, leaflets were broader than the control. The most 
characteristic feature of these mutants was that five normal flowers were borne 
on a inflorescence, out of which only three flowers were able to develop into 
pods. Pollen fertility ranged from 70%-75%. Seed setting was normal nnd 
produced bold seeds. Frequency of these mutants was 2.70% and 2.53% of the 
total macromutations in var. minor and var. major respectively. 
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c) Hexa flower mutants: These mutants were isolated both in separate and 
combination treatments but were more in separate mutagenic treatments of 
MMS and EMS followed by y-rays and y-rays + EMS in both the varieties. The 
plants showed normal height, leaves were more in number, leaflets were 
broader than the control. The most characteristic feature of these mutants was 
that six normal flowers were borne on common peduncle out of which four 
flowers were able to develop into pods. Pollen fertility ranged from 70%-75%. 
Seed setting was normal and produced bold seeds. Frequency of these mutants 
was 1.94% and 1.73% of the total macro-mutations in var. minor and var. 
major respectively. 
d) Hepta flower mutants: These mutants were isolated both in separate and 
combination treatments but were more in separate mutagenic treatments of 
EMS and y-rays followed by MMS and y-rays + EMS and were found least in 
y-rays+MMS in var. minor, while in var. major these mutants were more in y-
rays+MMS and EMS followed by y-rays+MMS and were found least in y-
rays+MMS. The plants showed normal height, leaves were more in number, 
leaflets were broader. The most characteristic feature of these mutants was that 
seven normal flowers were borne on common inflorescence out of which five 
flowers were able to develop into pods. Pollen fertility ranged from 70%-75%. 
Seed setting was normal and produced bold seeds. Frequency of these mutants 
was 2.07% and 2.44% of the total macromutations in var. minor and var. major 
respectively. 
e) More flowers: These mutants were isolated both in separate and 
combination mutagenic treatments. These were isolated equally more in 
combination treatments and y-rays followed by EMS and MMS in var. minor, 
while in var. major, these mutants were found more in y-rays+MMS and y-rays 
followed by MMS and EMS but were least found in y-rays+EMS. These plants 
are characterized by more flowers, more branches and more pods, with 
increased length. The pollen fertility ranged from 65-70%. Yield was more 
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than control. The frequency of these mutants was 3.71% in var. minor and 
3.38% in var. major. 
i) Non-flowering vegetative mutants: These mutants were isolated more in y-
rays and y-rays+MMS followed by equally in EMS and y-rays+EMS in both 
the varieties. Mutants showed reduced height, more number of branches, less 
number of leaves, narrow and small leaflets. The characteristic feature of these 
mutants was lack of flower and fruit setting. These mutants also showed 
premature leaf fall. The progeny of these plants could not be maintained due to 
lack of seed setting. 
g) Pre-mature flower fall mutants: These mutants were isolated more in 
MMS and EMS followed equally by y-rays and y-rays+EMS in var. minor 
while in var. major these mutants were isolated more in y-rays+EMS and EMS 
followed by MMS and y-rays. The plants were dwarf with less number of 
leaves. The leaflets were less and narrow. The characteristic feature of these 
mutants was premature flower and leaf fall. Pollen sterility was very high 
(65%-75%). The frequency of such mutants was 1.94% and 2.36% of the total 
macromutations in var. minor and var. major respectively. 
5. Mutations affecting maturity 
a) Early maturing mutants: The frequency of these mutants was more in 
combination treatments than the individual treatments in var. minor, while in 
var. major these mutants were, more in y-rays+MMS and MMS treatments 
followed by y-rays. These mutants started flowering 10-12 days earlier and 
maturity period was also reduced accordingly. Plants were normal looking and 
fertile. The proportion of such mutants was 3.40% and 3.23% of the total 
macro mutants in var. minor and var. major respectively. 
b) Late maturating mutants: The frequency of such mutants was more in 
EMS and combination treatments than y-rays and MMS in var. minor, while in 
var. major such mutants were isolated more in EMS and y-rays+MMS followed 
by y-rays and MMS treatments. These mutants showed reduced plant height 
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and were considerably sterile. Flowering was delayed by 10-15 days and 
maturity was also reduced accordingly. Seed set was low and seeds were 
comparatively smaller. Their frequency was 2.82% and 2.54% of the total 
viable macromutants in var. minor and var. major respectively. 
6. Mutations affecting pod characters 
a) Increased pod length mutants: such mutants were more in individual 
mutagenic treatments than the combination treatments in both the varieties. The 
frequency of such mutants was more in EMS and y-rays followed by MMS and 
combination treatments in both the varieties. These mutants were bushy and 
had more number of fertile branches. Pollen fertility was unaffected, leaves 
were more, leaflets were broader. The characteristic feature of these mutants 
was their increased length of pods with more number of seeds. There frequency 
was 2.47% and 2.38% in the var. minor and var. major respectively. 
b) Increased pod girth mutants: These types of mutants were more in 
individual treatments than the combined treatments, their frequency was found 
equally higher in EMS and y-rays followed by MMS and combination 
treatments. These mutants were slightly reduced in height with broader leaves 
and thick leaves and more number of leaflets. These mutants showed early 
flowering and early maturity. The characteristic feature of these mutants was 
thick pods with bold seeds. Pollen fertility was unaffected, productivity was 
considerably more and seed setting was nornial. Their frequency was 2.11% 
and 2.03% in var. minor and var. major respectively. 
c) Small pod mutants: Their frequency was more in combination treatments 
than individual mutagenic treatments. Their highest frequency was found in y-
rays + MMS and y-rays + EMS followed by EMS and y-rays and the least 
frequency was found in MMS treatments in both the varieties. These mutants 
showed reduced height, less foliage and reduced pollen fertility. The 
characteristic feature of these mutants was smaller pods with less number of 
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seeds. Their frequency was 2.64% and 2.57% in var. minor and var. major 
respectively. 
d) Bunch pod mutants: These mutants were found more in combination 
treatments than individual mutagenic treatments. Their highest frequency was 
in y-rays + MMS and y-rays+EMS followed by MMS, while EMS and y-rays 
showed equal frequency of these mutants in both the varieties. These mutants 
showed increased height, more number of fertile branches, more foliage and 
vigorous growth and unaffected pollen fertility. The characteristic feature of 
these mutants was more number of pods (5-6) in a single bunch. Pod length 
was slightly more, while pod girth was similar as in parent varieties, 
productivity was considerably high and showed 5-6 days early flowering and 
maturity. The frequency of such mutants was 3.94% and 4.01% in var. minor 
and var. major respectively. 
e) Narrow pod mutants: The frequency of narrow pod mutants was found 
more in y-rays+EMS followed by MMS and y-rays+MMS in both the varieties. 
However, EMS and y-rays induced these mutants in equal frequency. These 
mutants showed reduced plant height and slightly less foliage. The 
characteristic feature of these mutants was long and narrow pods. Pollen 
fertility was slightly affected with no effect on productivity. Their firequency 
was 2.63% and 2.59% in var. minor and var. major respectively. 
f) Elongated and thick pod mutants: The frequency of these mutants was 
more in y-rays followed by MMS and y-rays+MMS in both the varieties, 
whereas, EMS and y-rays+EMS induced these mutants almost in equal 
frequency. The mutants showed vigorous growth, more foliage and 
significantly increased plant height. The characteristic feature of these mutants 
was thick pods with bold seeds. Pollen fertility was unaffected, productivity 
was significantly high and the maturity was 3-5 days earlier than control 
plants. The frequency of these mutants was 2.23% and 2.21% in var. minor and 
var. major respectively. 
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7. Mutations affecting seeds 
a) Flat seed mutants: These mutants were more frequent in combined 
treatments than the individual treatments in both the varieties. The maximum 
frequency of these mutants was found in y-rays+MMS and was equally found 
in y-rays+EMS and y-rays. The EMS and MMS induced minimum but equal 
number of these mutants in both the varieties. The mutants were slightly 
smaller in height and showed more foliage. The characteristic feature of these 
mutants was flat and bigger size of seeds. The frequency of these mutants was 
2.28% and 2.22% in var. minor and var. major respectively. 
b) Wrinkled seed mutants: The mutants showing wrinkled seeds were found 
more in individual mutagenic treatments than combined treatments in both the 
varieties. The maximum frequency was found equally in EMS and y-rays 
treatments followed equally by MMS and y-rays+EMS in both the varieties. 
These mutants showed significant reduction in height, foliage and premature 
fall of leaves. Pollen fertility ranged between 50-55%. Pods were smaller in 
size and productivity was also less. The characteristic feature of these mutants 
was presence of wrinkled seeds and their frequency was 2.42% and 2.38% in 
var. minor and var. major respectively. 
c) Giant and flat seed mutants: Most of these mutants were found in y-rays + 
MMS treated population. They were equally isolated from EMS, y-rays and 
MMS treatment. The frequency of these mutants was less in y-rays+EMS 
treated population in both the varieties. These mutants showed increase in plant 
height, vigorous growth and more number of fertile branches. Pollen fertility 
was normal. The mutants" were characterized on the basis of pods with 
increased length and girth. The seeds were giant bold and flat in nature. The 
frequency of these mutants was 1.77% and 2.35% in vars. minor and major 
respectively. 
d) Bold and black seed mutants: Mostly these mutants were isolated from 
MMS and MMS+y-rays followed by y-rays treated populations but a few were 
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also found in EMS and EMS -^Y-rays treated populations in both the varieties. 
These mutants were short in height and bore less foliage. The leaves were 
smaller and internodes were compact. The pollen fertility was slightly alfected, 
productivity was normal, pod length and pod girth showed considerable 
increase. The characteristic feature of these mutants was the presence of bold 
and black coloured seeds in the pods. The frequency of these mutants was 
3.78% and 3.96% in var. minor and var. major respectively. 
e) Small seed mutants: These mutants were more in combination treatments 
than individual mutagenic treatments in both the varieties. These mutants were 
dwarf and showed compact foliage. Pollen fertility was significantly affected, 
pods were few and productivity was less. The characteristic feature of these 
mutants was the presence of small seeds. The frequency of these mutants was 
4.59% and 4.74% in var. minor and var. major respectively. 
f) Bold green seed mutants: These mutants were found in combination 
treatments as well as in individual mutagenic treatments in both the varieties. 
These mutants were slightly reduced in height but showed vigorous growth and 
increased foliage. The characteristic feature of these mutants was larger pods 
with greenish seeds. Pollen fertility was almost normal, productivity was more 
and showed 8-9 days early maturity. The frequency of these mutants was 
3.65% and 3.62% in var. minor and var. major respectively. 
8. Mutations affecting seed coat 
a) Seed coat with star like markings: These mutants were more in y-
rays+MMS and EMS followed by y-rays and MMS but were least found in y-
rays+EMS in both the varieties. Pollen fertility ranged from 50-55% 
productivity was less and pods were slightly smaller than their parental 
varieties. The characteristic feature of these mutants was the presence of star 
like markings on the seed coat. The frequency of these mutants was 2.64% and 
2.62% in var. minor and var. major respectively. 
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b) Seed coat with spherical markings: These mutants were found more in 
MMS and y-rays+EMS followed equally by y-rays and y-rays+MMS 
treatments but were least found in EMS in both the varieties. These mutants 
showed increase in plant height, vigorous growth and more foliage. Pollen 
fertility was normal. Pod length and pod girth was slightly increased, 
productivity was high. The characteristic feature of these mutants was the 
presence of seeds showing spherical markings on their seed coat. The 
frequency of these mutants was 4.06% and 4.18% in var. minor and var. major 
respectively. 
c) Seed coat with dots: These mutants were more in individual mutagenic 
treatments than combination treatments in both the varieties. The mutants 
showed 6-8 days pre-mature falling of leaves. Pollen fertility was slightly 
reduced but the productivity was normal. The characteristic feature of these 
mutants was presence of dots on seed coat. The frequency of these mutants was 
2.66% and 2.57% in var. minor and var. major respectively. 
9. Mutations affecting yield parameters 
a) Increased number of branches per phint: These mutants were 
significantly more in individual mutagenic treatments than in combination 
treatments in both the varieties. The mutants had luxuriant growth and 
increased number of flowers and pods per plant than their corresponding 
controls. The frequency of these mutants was 2.60% in both the varieties. 
b) Increased number of pods: Most of these mutants were isolated from 
individual mutagenic treatments followed by combination treatments in both 
the varieties. These mutants were either tall or dwarf in height but both types 
showed high yield in comparison to the control. The seed size was smaller than 
the parental varieties. The frequency of these mutants was 4.20% and 4.41% in 
var. minor and var. major respectively. 
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Table 29: Frequency of mutations affecting morphological characters in 
mutagen treated broad bean (Viciafaba L.) var minor. 
Mutant type 
Plant height 
Tall 
Dwarf 
Semi-dwarf 
Growth Habit 
Bushy, compact 
Prostrate 
Leaf 
Broad leaf, gigas 
Small/narrow 
leaf 
Reduced number 
of leaflets 
Increased 
number of 
leaflets 
Flower 
Large flower 
Penta flower 
Hexa flower 
Hepta flower 
More flower 
Non-flowering, 
vegetative 
Pre-mature 
flower fall 
Maturity 
Early maturing 
Late maturing 
EMS 
(1800) 
0.28 
0.44 
0.72 
0.55 
0.61 
0.72 
0.61 
0.39 
0.61 
• 
0.44 
0.55 
0.39 
0.61 
0.67 
0.44 
0.39 
0.50 
0.61 
y-rays 
(1800) 
0.44 
0.39 
0.50 
0.78 
0.61 
0.78 
' 0.67 
0.50 
0.67 
0.33 
0.55 
0.38 
0.44 
0.72 
0.44 
0.38 
0.50 
0.61 
MMS 
(1800) 
0.33 
0.55 
0.55 
0.67 
0.55 
0.33 
0.50 
0.55 
0.55 
0.39 
0.50 
0.44 
0.38 
0.67 
0.38 
0.44 
0.67 
0.44 
y-rays+EMS 
(2000) 
0.30 
0.30 
0.55 
0.80 
0.50 
0.50 
0.40 
0.40 
1 
0.50 
-
0.30 
0.40 
0.30 
0.25 
0.65 
0.40 
0.30 
0.65 
0.45 
y-rays+MMS 
(1900) 
0.37 
0.63 
0.42 
0.95 
0.58 
0.63 
0.58 
0.31 
0.47 
0.42 ' 
0.47 
0.26 
0.21 
0.68 
0.47 
0.26 
0.79 
0.47 
Total 
1.72 
2.31 
2.74 
3.75 
2.85 
2.96 
2.76 
2.15 
2.80 
1.88 
2.47 
1.77 
1.89 
3.39 
2.13 
1.77 
3.11 
2.58 
Contd. Table 29 
Pods 
Increased pod 
length 
Increased pod 
girth 
Small pod 
Bunch pod 
Narrow pod 
Elongated and 
thick pod 
Seed 
Flat seed 
Wrinkled seed 
Giant and flat 
seed 
Bold and black 
seed 
Small seed 
Bold green seed 
Seed coat 
Seed coat with 
star 
Seed coat with 
circles 
Seed coat with 
dots 
Yield 
Branches/plant 
Pods/plant 
0.55 
0.44 
0.50 
0.67 
0.33 
0.33 
0.38 
0.50 
0.44 
0.61 
0.89 
0.67 
0.55 
0.67 
0.61 
0.55 
0.78 
0.55 
0.44 
0.50 
0.67 
0.33 
0.50 
0.44 
0.50 
0.44 
0.72 
0.78 
0'72 
0.50 
0.72 
0.50 
0.50 
0.89 
0.44 
0.39 
0.33 
0.72 
0.67 
0.44 
0.39 
0.44 
0.44 
0.78 
0.83 
0.61 
0.44 
0.89 
0.50 
0.61 
0.83 
0.35 
0.35 
0.50 
0.70 
0.65 
0.35 
0.40 
0.40 
0.65 
0.60 
0.85 
0.65 
0.30 
0.75 
0.40 
0.30 
0.60 
0.37 
0.31 
0.58 
0.84 
0.42 
0.42 
0.47 
0.37 
0.47 
0.74 
0.84 
0.68 
0.63 
0.68 . 
0.42 
0.42 
0.74 
2.26 
1.93 
2.41 
3.60 
2.40 
2.04 
2.08 
2.21 
1.62 
3.45 
4.19 
3.33 
2.42 
3.71 
2.43 
2.38 
3.84 
Total 19.00 t9.39 18.64 16.75 18.37 91.33 
Frequency (%) based on total number of M2 plants in each mutagen. 
Table 30: Frequency of mutations affecting morphological characters in 
mutagen treated broad bean {Viciafaba L.) var major. 
Mutant type 
Plant height 
Tall 
Dwarf 
Semi-dwarf 
Growth Habit 
Bushy, compact 
Prostrate 
Leaf 
Broad leaf, gigas 
Small/narrow 
leaf 
Reduced number 
of leaflets 
Increased 
number of 
leaflets 
Flower 
Large flower 
Penta flower 
Hexa flower 
Hepta flower 
More flower 
Non-flowering, 
vegetative 
Pre-mature 
flower fall 
Maturity 
Early maturing 
Late maturing 
EMS 
(2000) 
0.20 
0.35 
0.60 
0.45 
0.50 
0.60 
0.50 
0.30 
0.50 
0.35 
0.45 
0.30 
0.50 
0.50 
0.35 
0.40 
0.40 
0.50 
y-rays 
(1900) 
0.40 
0.30 
0.42 
0.70 
0.52 
' 
0.70 
0.58 
0.42 
0.58 
0.26 
0.47 
0.26 
0.40 
0.63 
0.47 
0.26 
0.47 
0.40 
MMS 
(1900) 
0.26 
0.47 
0.47 
0.58 
0.47 
0.26 
0.42 
0.47 
0.47 
0.30 
0.42 
0.40 
0.26 
0.58 
0.26 
0.40 
0.58 
0.40 
Y-rays+EMS 
(2000) 
0.25 
0.50 
0.75 
0.45 
0.45 
0.35 
0.35 
0.45 
0.25 
0.35 
0.25 
0.20 
0.60 
0.35 
0.25 
0.60 
0.40 
0.30 
y-rays+MMS 
(2100) 
0.28 
0.52 
0.33 
0.80 
0.47 
0.52 
0.47 
0.23 
0.38. 
0.33 
0.38 
0.19 
0.14 
0.57 
0.38 
0.19 
0.66 
0.38 
Total 
1.39 
2.14 
2.57 
2.98 
2.41 
2.43 
2.32 
1.87 
2.18 
1.59 
L97 
1.35 
1.90 
2.63 
1.71 
1.84 
2.51 
1.98 
Contd. Table 30 
Pods 
Increased pod 
length 
Increased pod 
girth 
Small pod 
Bunch pod 
Narrow pod 
Elongated and 
thick pod 
Seed 
Flat seed 
Wrinkled seed 
Giant and flat 
seed 
Bold and black 
seed 
Small seed 
Bold green seed 
Seed coat 
Seed coat with 
star 
Seed coat with 
circles 
Seed coat with 
dots 
Yield 
Branches/plant 
Pods/plant 
Total 
0.45 
0.35 
0.40 
0.55 
0.25 
0.25 
0.30 
0.40 
0.35 
0.50 
0.75 
0.55 
0.45 
0.55 
0.50 
0.45 
0.65 
15.45 
0.42 
0.40 
0.42 
0.58 
0.26 
0.42 
0.40 
0.42 
0.40 
0.63 
0.70 
0.58 
0.42 
0.63 
0.40 
0.47 
0.80 
16.59 
0.40 
0.30 
0.26 
0.63 
0.58 
0.42 
0.30 
0.40 
0.40 
0.70 
0.73 
0.52 
0.40 
0.80 
0.42 
0.52 
0.73 
15.98 
0.30 
0.30 
0.45 
0.65 
0.60 
0.30 
0.35 
0.35 
0.30 
0.55 
0.80 
0.60 
0.25 
0.70 
0.35 
0.25 
0.55 
14.75 
0.28 
0.23 
0.47 
0.71 
0.33 
0.33 
0.38 
0.28' 
0.38 
0.70 
0.71 
0.57 
0.52 
0.57 
0.33 
0.33 
0.70 
15.04 
1.85 
1.58 
2.00 
3.12 
2.02 
1.72 
1.73 
1.85 
1.83 
3.08 
3.69 
2.82 
2.04 
3.25 
2.00 
2.02 
3.43 
77.80 
Frequency (%) based on total number of Ma plants in each mutagen. 
Table 31: Proportion of different morphological mutations isolated in M2 
generation in broad bean {Viciafaba L.). 
IVyT -u • ^rw -WL •^ 4"l rk% t \ ——— 
iviuianT lype 
Tall 
Dwarf 
Semi-dwarf 
Bushy, compact 
Prostrate 
Broad leaf, gigas 
Small/narrow leaf 
Reduced number of 
leaflets 
Increased number of 
leaflets 
Large flower 
Penta flower 
Hexa flower 
Hepta flower 
More flower 
Non-flowering, 
vegetative 
Pre-mature flower fall 
Early maturing 
Late maturing 
Increased pod length 
Increased pod girth 
Small pod 
Bunch pod 
Narrow pod 
Elongated thick pod 
Flat seed 
Wrinkled seed 
Giant and flat seed 
Bold and black seed 
Small and dark seed 
Bold green seed 
Seed cont with star 
Seed coat with circles 
Seed coat with dots 
Branches/plant 
Pods/plant 
Var. minor 
1.88 
2.53 
3.00 
4.10 
3.12 
3.24 
3.02 
2.35 
3.06 
2.06 
2.70 
1.94 
2.07 
3.71 
2.33 
1.94 
3.40 
2.82 
2.47 
2.11 
2.64 
3.94 
2.63 
2.23 
2.28 
2.42 
1.77 
3.78 
4.59 
3.65 
2.64 
4.06 
2.66 
2.60 
4.20 
Frequency (%) 
Var. major 
1.79 
2.75 
3.30 
3.83 
3.09 
3.12 
2.98 
2.40 
2.80 
2.04 
2.53 
1.73 
2.44 
3.38 
2.20 
2.36 
3.23 
2.54 
2.38 
2.03 
2.57 
4.01 
2.59 
2.21 
2.22 
2.38 
2.35 
3.96 
4.74 
3.62 
2.62 
4.18 
2.57 
2.60 
4.41 
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Table 33: Frequencies of bivalents and univalents at metaphase-I in EMS 
induced desynaptic mutants of Viciafaba L. var. minor. 
Metaphase-I 
configuration 
121 
411+41 
5II+2I 
III+IOI 
2II+8I 
3II+6I 
No. 
Plant-1 
ofPMCs 
8 
7 
6 
10 
11 
16 
Percent 
13.79 
12.07 
10.34 
17.24 
18.96 
27.58 
Plant-2 
No.ofPMCs 
7 
8 
11 
14 
9 
17 
Percent 
10.61 
12.12 
16.66 
21.21 
13.63 
25.76 
Table 34: Total number of chiasma, chiasma terminalised and 
terminalisation coefficient in control and EMS induced 
desynaptic mutant (DS). 
_, ^^  1.. .L / Chiasmata Chiasmata Terminalisation 
Plant type chiasmata / , . i - j x - i - j es- • j. 
•'^ „ termmalised untermmalised coefficient 
cell 
Control 19.00±1.20 
DS Mutant 
1 7.33±2.22 
9.00±0.80 
3.52±1.70 
10.00±1.32 
3.81±1.18 
0.50±0.06 
0.52±0.18 
DS Mutant 8.22±1.60 4.10±1.60 4.12±1.42 0.60±0.20 
Table 35: Chromosome distribution at anaphase-I in the two desynaptic 
mutants of Viciafaba L. var. minor. 
Chromosomes 
distribution 
6:6 
5:7 
4:8 
3:9 
5:1*:6 
4:2*:6 
Plant-1 
No.ofPMCs 
8 
10 
7 
6 
5 
4 
Percent 
20.00 
25.00 
17.50 
15.00 
12.50 
10.00 
Plant-2 
No.ofPMCs 
7 
11 
10 
6 
6 
7 
Percent 
15.22 
23.91 
21.73 
13.04 
13.04 
15.21 
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4.2.8 Quantitative characters 
Mutagenic effects of EMS, y-rays, MMS and their combination 
treatments were studied on the following twelve quantitative traits in M2 
generation. The data of each character was subjected to statistical analysis to 
assess the extent of induced variation by different mutagenic treatments. 
1. Days to flowering 
The data on mean, shift in mean and various genetic parameters for days 
to flowering in the M2 generation of both the varieties are shown in the Tables 
37 and 38. 
The mean values for days to flowering showed both positive and 
negative shifts from the control values. Days to flowering were significantly 
reduced (P>0.01, 0.05) at lower and intermediate treatments in both the 
varieties. Mean days to flowering was reduced by 5-7 days in EMS treated 
population of var. minor, whereas in var. major days to flowering was reduced 
by 8-9 days. Mean days to flowering was reduced by 4-5 days in var. minor 
treated with y-rays and MMS, whereas the same mutagenic treatment showed 
7-9 days reduction in var. major. The combination of y-rays+EMS showed 5-7 
days reduction in days to flowering in both the varieties, whereas only 2-4 days 
reduction was found in y-rays+MMS treatment in both the varieties. 
The phenotypic and genotypic coefficient of variation increased in all 
the treated populations. In EMS treatments at 0.3% concentration the maximum 
heritability and genetic advanced was 78.32% and 18.57% in var. minor and 
72.46% and 23.57% in var. major respectively. In y-rays, maximum GCV was 
6.21% at 40kR in var. minor and 8.98% at lOkR in var. major. In MMS, 
maximum GCV was 4.97% in var. minor and 11.29% in var. major in 0.03% 
and 0.04% concentration respectively. In combination treatments of y-rays and 
EMS, maximum GCV was 9.40% at 20kR+0.2% EMS and 8.91% at 
20kR+0.3% EMS, whereas the combination treatments of y-rays with MMS 
116 
maximum GCV was 7.73% and 6.82% at 20kR+0.03% and lOkR+0.01% 
MMS in var. minor and var. major respectively. 
The heritability and genetic advance increased in all the mutagenic 
treatments. In EMS treatments in 0.3% concentration the maximum heritability 
and genetic advance was 78.32% and 13.57% in var. minor and 72.46% and 
23.57% in var. major respectively. In y-rays, the maximum heritability was 
80.50% at lOkR in var. minor and 75.23% at 20kR in var. major and maximum 
genetic advance was 9.73% and 17.93% at lOkR in var. minor and var. major 
respectively. In MMS treatments the maximum heritability was 81.10% and 
69.47% in 0.03%o in var. minor and var. major respectively, and the maximum 
genetic advance was 11.80% in 0.03% and 24.73% in 0.04% in var. minor and 
var. major respectively. In combination treatments of y-rays and EMS, the 
maximum heritability was 83.36% and 62.16% at lOkR+0.2% EMS in var. 
minor and var. major respectively, and the maximum genetic advance was 
22.57% and 18.43% at lOkR+0.2% EMS and 20kR+0.3% EMS in var. minor 
and var. major respectively. In combination treatments of y-rays and MMS, the 
maximum heritability was 59.26% and 67.05% at 20kR+0.04% MMS and 
20kR+0.03% MMS in var. minor and var. major respectively. The maximum 
genetic advance was 14.69% and 14.55% at 20kR+0.03% MMS and 
lOkR+0.01% MMS in var. minor and var. major respectively. 
In general, lower, intermediate and in some cases higher 
doses/concentrations showed maximum values of PCV, <JCV, h^  (broad sense) 
and GA in both the varieties, however, no dose dependent relationship was 
noticed among the genetic parameters. The maximum shift in mean was 
noticed in individual mutagenic treatments than combination treatments in both 
the varieties. 
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Plates XLVIII & XLIX : Leaves of var. minor (control) and 
mutants in M2 generation. 
Plate XLVIII 
Fig.364 a) Var. minor leaf (control), b) Mutant leaf showing 4 broad leaflets 
(20kR gamma rays), c) Mutant leaf showing 6 broad leaflets (30kR 
gamma rays). 
Fig.365 a) Var. minor leaf (control), b) Mutant leaf showing 6 narrow and 
long leaflets (0.3% EMS), c) Mutant leaf showing 6 broad leaflets 
(0.03% MMS). 
Fig.366 a) Var. minor leaf (control), b) Mutant leaf showing 5 leaflets with 
wavy margins (0.2% EMS), c) Mutant leaf showing 4 leaflets with 
wavy margms (0.03% MMS). 
Plate XLVIII 
Plate XLIX 
Fig.367 a) Var. minor leaf (control), b) Mutant leaf showing 3 broad leaflets 
(0.1% EMS), c) Mutant leaf showing 6 narrow leaflets (0.2% EMS). 
Fig.368 a) Var. minor leaf (control), b) Mutant leaf showing 5 narrow and 
long leaflets (lOkR+0.1% EMS), c) Mutant leaf showing 6 long 
leaflets (lOkR+0.01% MMS). 
Plate XLIX 
Plates L-LIII: Mutants of var. minor showing flowers on 
the inflorescence in M2 generation. 
Plate L 
Fig.369 Mutant inflorescence showing 5 flowers (0.1% EMS) 
Fig.370 Mutant inflorescence showing 6 flowers (0.03% MMS) 
Fig.371 Mutant inflorescence showing 7 flowers (lOkR gamma rays) 
Fig.372 Mutant inflorescence showing 5 flowers (lOkR + 0.2% EMS) 
Plate L 
Plate LI 
Fig.373 a) Control twig, b) Mutant twig showing 7 flowers on the 
intlorcscence(0.1%EMS). 
Fig.374 a) Control twig, b) Mulant twig showing 7 llowcrs on the 
inflorescence (0.2% EMS). 
Fig.375 a) Control twig, b) Mutant twig showing 8 flowers on the 
inflorescence (lOkR+0.1% EMS). 
Fig.376 a) Control twig, b) Mutant twig showing 7 flowers on the 
inflorescence (20kR+0.03% MMS). 
Plate LI 
Plate LII 
Fig.377 a) 2 flowers (control), b) Mutant inflorescence showing 7 flowers 
(20kR gamma rays), c) Mutant inflorescence showing 8 flowers 
(10kR+0.1%EMS). 
Fig.378 a) 2 flowers (control), b) Mutant inflorescence showing 7 flowers 
(20kR gamma rays), c) Mutant inflorescence showing 7 flowers 
(10kR+0.2%EMS). 
Fig.379 a) 2 flowers (control), b) Mutant inflorescence showing 5 flowers 
(0.03% MMS), c) Mutant inflorescence showing 6 flowers 
(10kR+0.2%MMS). 
Plate LII 
Plate LIII 
l''ig.380 a) 2 {lowers (control), b) Mutant inllorescencc showing 6 llowers 
(0.02% MMS), c) Mutant inllorcscence showing 6 llowers (0.1% 
EMS), d) Mutant inflorescence showing 6 flowers (lOkR gamma 
rays). 
Fig.381 Comparison of mutant flower size of var. minor with control. 
Plate LlII 
Plates LIV-LVII: Mutants of var. major showing flowers 
on the inflorescence in M2 generation. 
Plate LIV 
lMg.382 Miitanl inflorescence showing 7 flowers (0.01% MMS). 
Fig.383 Mutant inflorescence showing 5 flowers (0.02% MMS). 
Fig.384 Mutant inflorescence showing 6 flowers (30kR gamma rays). 
Fig.385 Mutant inflorescence showing 5 flowers (20kR gamma rays). 
Plate LIV 
Plate LV 
Fig.386 a) Control twig, b) Mutant twig showing 9 flowers on tlie 
inflorescence (20kR gamma rays). 
Fig.387 a) Control twig, b) Mutant twig showing 8 flowers on the 
inflorescence (\OkR gamma rays). 
lMg.388 Mutant twig showing 8 flowers on the inflorescence (0.03% MMS). 
rig.389 Mutant twig showing 8 flowers on the inflorescence (0.3% CMS). 
Plate LV 
IRJy.^l 
^^^^^1 
B^jSM^ji^^^j^^^^B 
W'^ 
Plate LVI 
Mg.390 a) Control inllorescence showing 3 flowers, b) Mutant inflorescence 
showing 7 flowers on the inflorescence (lOkR+0.2% EMS), c) 
Mutant inllorescence showing 6 flowers. 
"^ig.391 a) Control twig, b) Mutant twig showing 6 flowers on the 
inflorescence (lOkR+0.1% EMS). 
Plate LVI 
Plate LVII 
Fig.392 a) 3 flowers (control), b) Mutant inflorescence showing 6 flowers, 
c) Mutant inflorescence showing 8 flowers (20kR 1-0.3% FMS). 
F'ig.393 Comparison of mutant flowers with dilTerent sizes with control 
tlower. 
Plate LVII 
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2. Number of flowers per plant 
The data on mean values, shift in mean and genetic parameters for 
number of flowers per plant in M2 generation of both the varieties are presented 
in the Tables 39 and 40. 
The mean values shifted both in positive and negative directions. A 
significant positive shift in mean was observed (P>0.01, 0.05) in lower and 
some intermediate treatments in both the varieties. The maximum shift in mean 
values was 13.67 (0.1% EMS), 10.54 (lOkR y-rays), 9.80 (0.01% MMS), 6.00 
(20kR+0.3% EMS) and 3.44 (lOkR+0.01% MMS) in var. minor, whereas the 
maximum shift in mean was 13.54 (0.1% EMS), 10.41 (lOkR y-rays), 7.84 
(0.01% MMS), 7.14 (lOkR+0.1% EMS) and 5.04 (lOkR+0.01% MMS) in var. 
major. 
The phenotypic and genotypic coefficient of variation increased in all 
the mutagenic treated populations. The maximum GCV was 9.73% (0.1% 
EMS), 9.85 (40kR y-rays), 8.67 (0.03% MMS), 8.71% (20kR+0.4% EMS) and 
8.39% (lOkR+0.01% MMS) in var. minor, whereas the maximum values of 
GCV were 9.89% (0.4% EMS), 10.72% (20kR y-rays), 10.42% (0.03% MMS), 
10.66% (lOkR+0.2% EMS) and 10.72% (20kR+0.03% MMS) in var. major. 
A considerable amount of heritability and genetic advance was induced 
in the mutagenic treated population. The maximum heritability was 58.63% 
(0.1% EMS), 69.42% (30kR y-rays), 58.91% (0.03% MMS), 82.65% (20kR 
+0.3% EMS) and 64.87% (lOkR+0.01% MMS) in var. minor, whereas the 
maximum heritability was 66.95% (0.1% EMS), 72.17% (20kR y-rays), 
69.26% (0.03% MMS), 72.03% (lOkR+0.1% EMS) and 71.02% (20kR+0.03% 
MMS) in var. major. The maximum GA was 13.20% (0.3% EMS), 20.23% 
(40kR y-rays), 17.59% (0.03% MMS), 18.10% (20kR+0.3% EMS) and 17.87% 
(lOkR+0.01% MMS) in var. minor,'and the maximum GA was 18.60% (0.1% 
EMS), 21.60% (lOkR y-rays), 22.80% (0.03% MMS), 23.71% (lOkR+0.2% 
EMS) and 23.84% (20kR+0.03% MMS) invar, major. 
118 
In general, the maximum positive shift in mean values was induced by 
individual mutagenic treatments than the combined treatments, whereas the 
maximum negative shift in mean values was induced by highest combined 
treatments than the highest individual treatments. The lower and intermediate 
doses/concentrations induced maximum values of PCV, GCV, h^  and GA in 
both the varieties. However, no dose dependent relationship was noticed among 
the genetic parameters. 
3. Days to maturity 
The data on mean values, shift in mean and various genetic parameters 
in both the varieties for days to maturity in M2 generation are presented in the 
Tables 41 and 42. 
The mean values for days to flowering showed both positive and 
negative shifts from the control values. Days to maturity were significantly 
reduced (P>0.01, 0.05) at lower and some intermediate treatments in both the 
varieties, whereas higher treatments induced late maturity. Mean days to 
maturity was reduced by 5-10 days (EMS, y-rays, MMS) and 2-5 days 
(combination treatments) in var. minor, whereas in var. major mean days to 
maturity was reduced by 8-10 days (EMS), 5-8 days (y-rays, MMS), 4-5 days 
(y-rays+EMS) and 2-4 days (y-rays+EMS). The mean days to maturity delayed 
in highest dose of individual and combined mutagens. However, delayed effect 
was more in highest doses of combined treatments than the highest doses of 
individual mutagens. 
The phenotypic and genotypic coefficient of variation increased in all 
the treated populations. The maximum GCV was 4.95% (0.3% EMS), 5.64% 
(40kR y-rays), 10.95% (0.04% MMS), 5.10% (lOkR+0.2% EMS) and 6.83% 
(20kR+0.04%) MMS in var. minor, and the maximum GCV was 7.51% (0.3% 
EMS), 5.46% (20kR y-rays), 11.78% (0.04% MMS), 10.77% (20kR+0.3% 
EMS) and 7.26% (lOkR+0.02% MMS) in var. major. 
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The heritability estimates increased for all the mutagenic treatments. 
The highest heritability was 77.78% (0.1% EMS), 76.86% (30kR y-rays), 
93.60% (0.04% MMS), 80.39% (20kR+0.3% EMS) and 82.01% (20kR + 
0.04% MMS) in var. minor, whereas the maximum heritability was 80.37% 
(0.1% EMS), 72.60% (40kR y-rays), 91.96% (0.04% MMS), 82.18% 
(20kR+0.3% EMS) 77.17% (lOkR+0.02% MMS) in var. major. 
The maximum values of genetic advance were 11.40% (0.3% EMS) 
12.56% (30kR Y-rays), 48.15% (0.04% MMS), 11.16% (lOkR+0.2% EMS) and 
16.33% (20kR+0.04% MMS) in var. minor, whereas the maximum values of 
genetic advance were 17.75% (0.1% EMS), 11.57% (20kR y-rays) 29.84% 
(0.04% MMS), 25.72% (20kR+0.3% EMS) and 16.80% (lOkR+0.02% MMS) 
in var. major. 
In general, significant shift in mean values was noted both in 
combination and individual mutagenic treatments in both the varieties. 
However, the lower and intermediate individual mutagenic treatments were 
found to be more effective than the combination treatments in inducing 
earliness for days to maturity, while the highest combination treatments were 
more effective than highest individual mutagenic treatments in inducing 
delayed maturity. 
4. Plant height (cm) 
The data on mean values, shift in mean and various genetic parameters 
for plant height in M2 generation of both the varieties are presented in the 
Tables 43 and 44. 
Mean values of plant height were shifted significantly (P>0.01, 0.05) in 
both the positive and negative direction in the treated populations, however, the 
negative shirt was more pronounced at higher dose/concentration in both the 
varieties. A significant increase in plant height (P>0.01) was noticed in EMS 
and y-rays in both the varieties treated with EMS and y-rays. Maximum 
< 5 ^ P' 
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reduction in plant height was noticed at 20kR+0.04% MMS in both the 
varieties but the extent of reduction was more in var. major than var. minor. 
It is evident from the tables that all mutagenic treatments were capable 
of inducing immense variability in this character. Both PCV and GCV were 
increased over the controls. The maximum GCV was 7.45% and 11.22% in 
0.3%) and 0.1% EMS in var. minor and var. major respectively. The maximum 
GCV was 8.34% and 7.05% at 30kR and 0.03% MMS in var. minor, while the 
maximum GCV was 18.52% and 17.14% at 40kR and 0.04% MMS 
respectively in var. major. In combination treatments, the maximum GCV was 
8.60% and 11.44% at lOkR+0.2% EMS and 20kR+0.04% in var. minor and 
14.56% and 12.89% at 20kR+0.4% EMS and lOkR+0.02% MMS in var. minor 
and var. major respectively. 
The heritability estimates were high in all mutagenic treatments in both 
the varieties. In EMS, the maximum heritability estimates were 81.94% and 
55.82% at 0.1% EMS in var. minor and var. major respectively. In y-rays the 
maximum heritability was 69.68% at 30kR in var. minor and 95.99% at 40kR 
in var. major, while the maximum heritability was 76.15% in 0.03% MMS and 
86.19% in 0.01%) MMS in var. minor and var. major respectively. In the 
combination treatments of y-rays and EMS, the maximum heritability was 
84.67% at lOkR+0.2% EMS in var. minor, while the maximum heritability was 
83.41% at 20kR+0.3% EMS in var. major. The maximum heritability estimates 
for the combination treatment of y-rays and MMS were 79.73% at 
lOkR+0.04% MMS and 77.55% at lOkR+0.02% MMS in var. minor and var. 
major respectively. The maximum GA was 15.43% at 0.3% EMS, 18.46% at 
30kRy-rays, 16.23% in 0.03% MMS, 20.98% at lOkR+0.2% EMS and 19.43% 
at lOkR+0.01% MMS in var. minor, whereas the maximum GA was 21.80% at 
0.1% EMS, 24.80% at 40kR y-rays, 38.52% in 0.04% MMS, 22.34% at 
20kR+0.3% EMS and 26.82% at.20kR+0.04% MMS in var. major. 
The maximum shift in mean values was recorded in individual 
mutagenic treatments than combination treatments in both the varieties. The 
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GCV, PCV, h^  (broad sense) and GA did not show dose dependent relation, 
although significant increase in these values was recorded in treated population 
in both the varieties. 
5. Number of fertile branches per plant 
The data on mean values, shift in mean and various genetic parameters 
of number of fertile branches per plant in M2 generation of both the varieties 
are presented in the Tables 45 and 46. 
The critical analysis of the data reveals that significant positive (P>0.01, 
0.05) shift in mean was observed in lower and intermediate treatments in both 
the varieties. The maximum shift in mean was 5.17 (0.1% EMS), 3.87 (lOkR y-
rays), 3.20 (0.01% MMS), 2.77 (lOkR+0.1% EMS) and 1.77 (lOkR + 0.01% 
MMS) in var. minor, whereas the maximum shift in mean was 2.80 (0.1% 
EMS), 2.00 (lOkR y-rays), 1.33 (0.01% MMS), 0.97 (lOkR+0.1% EMS) and 
0.73 (lOkR+O.01% MMS) in var. major. 
A considerable increase in phenotypic and genotypic coefficient of 
variation was observed in the treated populations. The maximum GCV was 
24.00% (0.3% EMS), 24.67% (lOkR y-rays), 28.78% (0.01% MMS), 36.46% 
(20kR + 0.4% EMS) and 34.30% (20kR + 0.04% MMS) in var. minor, whereas 
the maximum GCV were 36.33% (0.4% EMS), 31.27% (40kR), 31.27% (0.04 
MMS), 25.33% (20kR+0.4% EMS) and 28.14% (20kR+0.04% MMS) in var. 
major. 
The heritability and genetic advance were also high in the treated 
populations as compared to controls. The maximum heritability was 50.84% 
(0.4% EMS), 51.30% (30kR y-rays), 81.82% (0.04% MMS), 80.77% 
(20kR+0.4% EMS) and 48.12% (20kR+0.04% MMS) in var. minor, whereas 
the maximum heritability was 71.20% (0.4% EMS), 58.73% (y-rays), 52.98% 
(0.02% MMS), 47.07% (lOkR+0.2% EMS) and 53.65% (lOkR+0.01% MMS) 
in var. major. 
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The maximum values for GA were 38.34% (0.3% EMS), 43.79% (30kR 
Y-rays), 64.65% (0.02% MMS), 85.59% (20kR+0.4% EMS) and 62.71% 
(20kR+0.04% MMS) in var. minor, whereas the maximum values for GA were 
80.81% (0.4% EMS), 63.43% (40kR y-rays), 63.43% (0.04% MMS), 37.56% 
(lOkR+0.2% EMS) and 42.41% (20kR+0.04% MMS) in var. major. 
In general, individual mutagenic treatments induced maximum shift in 
mean than the combined treatments in both the varieties, whereas the highest 
concentration of each individual and combined mutagens induced negative 
shift in mean in both the varieties. The treated populations showed considerable 
increase in PCV, GCV, h^  (broad sense) and GA in both the varieties. 
6. Number of pods per plant 
The data on mean values, shift in mean and various genetic parameters 
for number of pods per plant of both the varieties in M2 generation are present 
in the Tables 47 and 48. 
It is clearly evident from the Tables that a considerable positive and 
negative shift in mean values (P>0.01, 0.05) were recorded for all mutagenic 
treatments. There was significant positive shift in mean (P>0.01, 0.05) in lower 
and intermediate treatments while the significant negative shift in mean 
(P>0.01, 0.05) was observed in higher treatments in both the varieties. The 
maximum shift in mean was 15.70 (0.1% EMS), 13.30 (30kR y-rays), 13.30 
(0.01% MMS), 12.17 (lOkR+0.1% EMS) and 10.94 (lOkR+0.01% MMS) in 
var. minor, whereas the maximum shift in mean was 8.17 (0.2% EMS), 6.50 
(lOkR y-rays), 4.67 (0.02% MMS), 3.13 (lOkR+0.1% EMS) and 2.13 
(lOkR+0.01% MMS) in var. major. 
The maximum GCV was 7.83% (0.3% EMS), 16.14% (40kR y-rays), 
21.58% (0.04% MMS), 21.29% (20kR+0.4% EMS) and 15.45% (20kR+0.03% 
MMS) in var. minor, whereas the maximum GCV was 15.68% (0.4% EMS), 
23.29% (40kR y-rays), 15.55% (0.04% MMS), 22.79% (20kR+0.4% EMS) and 
22.84% (20kR+0.04% MMS) in var. major. 
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The maximum heritability was 63.30% (0.1% EMS), 64.74% (40kR y-
rays), 69.59% (0.04% MMS), 70.39% (20kR+0.4% EMS) and 84.60% 
(20kR+0.03% MMS) in var. minor, whereas the maximum heritability was 
46.79% (0.2% EMS), 60.17% (40kR y-rays), 50.73% (0.01% MMS), 72.38% 
(20kR+0.4% EMS) and 69.61% (lOkR+0.02% MMS) in var. major. 
The maximum values for GA were 13.80% (0.04% EMS), 34.40% 
(40kR Y-rays), 47.15% (0.04% MMS), 46.92% (20kR+0.4% EMS) and 37.66% 
(20kR+0.03% MMS) in var. minor, whereas the maximum values for GA were 
24.53% (0.4% EMS), 47.57% (40kR y-rays), 26.71% (0.04% MMS), 50.93% 
(20kR+0.4% EMS) and 34.30% (lOkR+0.02% MMS) in var. major. 
In general, the maximum positive shift in mean was induced by the 
individual mutagenic treatments than the combined treatments, whereas the 
maximum negative shift in mean was induced by highest combined treatments 
than highest individual mutagenic treatments. The treated population showed 
considerable increase in PCV, GCV, h^  (broad sense) and GA in both the 
varieties. 
7. Number of seeds per pod 
The mean values, shift in mean and various genetic parameters for 
number of seeds per pod in M2 generation of both the varieties are presented in 
the Tables 49 and 50. 
The average number of seeds per pod was affected considerably in 
mutagenic treatments with some exceptions in both the varieties. A significant 
positive shift in mean (P>0.01, 0.05) was observed in lower and intermediate 
treatments, while a significant negative shift in mean (P>0.01, 0.05) was 
observed at higher treatments in both the varieties. The maximum shift in mean 
was 1.23 (0.1% EMS), 1.10 (lOkR y-rays), 0.90 (0.01% MMS), 0.63 
(lOkR+0.1% EMS) and 0.63 (lOkR+0.01% MMS) in var. minor, while the 
maximum shift in mean was 0.97 (0.1% EMS), 0.87 (lOkR y-rays), 0.63 
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(0.01% MMS), 0.57 (lOkll+0.1% EMS) and 0.33 (lOkR+0.01% MMS and 
lOkR+0.02% MMS) in var. major. 
The phenotypic and genotypic coefficient of variation showed 
significant increase in all mutagenic treatments. The maximum GCV was 
33.06% (0.4% EMS), 25.03% (30kR y-rays), 30.26% (0.02% MMS), 32.93 % 
(20kR+0.4% EMS) and 38.03% (20kR+0.04% MMS) in var. minor, while the 
maximum GCV was 23.33% (0.4% EMS). 25.32% (40kR 7-rays), 27.09% 
(0.02% MMS), 36.60% (20kR+0.4% EMS) and 27.30% (20kR+0.04% MMS) 
in var. major. 
The heritability and genetic advance increased considerably in the 
treated populations. The maximum heritability was 88.81%) (0.2% EMS), 
74.57% (30kR Y-rays), 76.65% (0.01% MMS), 72.19% (lOkR+0.2% EMS) and 
88.55% (lOkR+0.02% MMS) in var. minor, while the maximum heritability 
was 86.72% (0.03% EMS), 78.57% (30kR y-rays), 64.39% (0.01% MMS), 
90.11% (20kR+0.4% EMS) and 71.20% (20kR+0.03% MMS) in var. major. 
The maximum values of GA were 70.94% (0.4% EMS), 56.93% (30kR 
y-rays), 68.12% (0.02% MMS), 67.87% (20kR+0.4% EMS) and 88.46% 
(20kR+0.04% MMS) in var. minor while as the maximum values of GA were 
52.93% (0.3% EMS), 55.24% (30kR y-rays), 44.87% (0.01% MMS), 91.38% 
(20kR + 0.4% EMS) and 56.28% (20kR+0.3% EMS) in var. major. 
In general, the maximum positive shift in mean was induced by 
individual mutagenic treatments than combined treatments, while the 
maximum negative shift in mean was induced by highest combination 
treatments than the highest individual mutagenic treatments. The treated 
population showed considerable increase in PCV, GCV, h^  (broad sense) and 
GA in both the varieties. 
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8. Pod IcnRth (cm) 
The mean values, sh,ift in mean and various genetic parameters for pod 
length in M2 generation of both the varieties are presented in the Tables 51 and 
52. 
A significant positive shift in mean (P>0.01, 0.05) was observed in 
lower and some intermediate treatments, while a significant negative shift in 
mean (P>0.01, 0.05) was observed in some higher treatments. The maximum 
shift in mean was 0.70 (0.1% EMS), 0.57 (20kR y-rays), 0.50 (0.02% MMS), 
0.47 (lOkR+0.1% EMS) and 0.34 (20kR+0.03% MMS) in var. minor, while the 
maximum shift in mean was 1.00 (0.1% EMS), 0.70 (lOkR and 20kR y-rays), 
0.73 (0.02% MMS), 0.63 (lOkR+0.3% EMS) and 0.47 (lOkR+0.01% MMS) in 
var. major. 
The phenotypic and genotypic coefficient of variation had increased in 
all the mutagenic treatments. The highest GCV was 18.75 (0.2% EMS) 18.82% 
(30kR y-rays), 18.67% (0.03% MMS) 18.98% (lOkR+0.2% EMS) and 17.55% 
(20kR+0.04% MMS) in var. minor, while the maximum GCV values were 
16.75% (0.1% EMS), 19.00% (20kR y-rays), 24.45% (0.01% MMS) 20.73% 
(lOkR+0.2% EMS) and 23.09% (20kR+0.04% MMS) in var. major. 
The heritability and genetic advance increased considerably in the 
treated populations. The highest heritability was 71.78% (0.2% EMS) 68.93% 
(20kR y-rays), 64.48% (0.01% MMS), 65.24% (lOkR+0.1% EMS) and 51.12% 
(lOkR+0.01% MMS) in var. minor, while the maximum heritability was 
84.83% (0.1% EMS), 70.86% (20kR y-rays), 85.77% (0.02% MMS), 71.66% 
(lOkR+0.2% EMS) and 71.86% (20kR+0.03% MMS) in var. major. 
The maximum genetic advance was 41.97%) (0.3% EMS), 40.70% 
(20kR y-rays), 38.51% (0.03% MMS), 38.50% (lOkR+0.2% EMS) and 29.35% 
(lOkR+0.01% MMS) in var. minor, whereas the maximum values were 40.67%) 
(0.1% EMS), 42.36% (20kR y-rays), 57.74% (0.01% MMS), 46.53% 
(lOkR+0.2% EMS) and 47.79% (20kR+0.04% MMS) in var. major. 
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In general, the treated populations showed higher shift in mean and 
genetic parameters. The individual mutagenic treatments induced more positive 
shift in mean than the combined treatments, while the highest combined 
treatments induced more negative shift in mean than the highest individual 
mutagenic treatments. The treated population showed considerable increase in 
PCV, GCV, h^  (broad sense) and GA in both the varieties. 
9. Pod girth (cm) 
The mean values, shift in mean and various genetic parameters for pod 
girth in the Mi generation of both the varieties are shown in the Tables 53 and 
54. 
A significant positive shift in mean (P>0.01, 0.05) was observed in 
lower and some intermediate treatments, while a significant negative shift in 
mean (P>0.01, 0.05) was observed in almost all the higher treatments in both 
the varieties. The maximum shift in mean was 0.90 (0.1% EMS), 0.63 (lOkR 
and 20kR Y-rays), 0.53 (0.01% MMS), 0.36 (lOkR+0.1% EMS) and 0.20 (20kR 
+ 0.01% and 20kR+0.02% MMS) in var. minor, while the maximum shift in 
mean was 1.06 (0.1% EMS), 0.76 (lOkR y-rays), 0.76 (0.01% MMS), 0.60 
(lOkR+0.2% EMS) and 0.43 (lOkR+0.01% MMS) in var. major. 
The phenotypic and genotypic coefficient of variation increased in all 
the mutagenic treated populations. The maximum GCV was 17.94% (0.3% 
EMS), 20.46% (40kR yrays), 17.17% (0.03% MMS), 20.60% (20kR+0.4% 
EMS), 19.99% (20kR+0.03% MMS) in var. minor, while the maximum GCV 
was 20.33% (0.1% EMS), 23.77% (30kR y-rays), 19.40% (0.02% MMS), 
27.62% (20kR+0.4% EMS) and 21.06% (20kR+0.04 MMS) in var. major. 
The heritability and genetic advance increased considerably in the 
treated populations. The maximum heritability was 66.05% (0.1% EMS), 
57.64% (lOkR y-rays), 51.08% (0.01% MMS), 48.42% (lOkR + 0.2% EMS) 
and 58.99% (20kR+0.3% EMS) in var. minor, whereas the maximum values of 
heritability were 45.32% (0.1% EMS), 66.48% (40kR y-rays), 54.60% (0.03% 
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MMS), 72.28% (20kR+0.4% EMS) and 48.39% (20kR+0.04% MMS) in var. 
major. 
The maximum GA values were 35.80% (0.3% EMS), 37.90% (40kR y-
rays), 31.77% (0.01% MMS), 37.68% (20kR+0.4% EMS) and 40.57% 
(20kR+0.03% MMS) in var. minor, while the maximum GA values were 
35.89% (0.1% EMS), 50.80% (40kR y-rays), 33.80% (0.03% MMS), 61.76% 
(20kR + 0.4% EMS) and 41.60% (lOkR+0.02% MMS) in var. major. 
In general, the maximum positive shift in mean was induced by 
individual mutagenic treatments than combined treatments, while the 
maximum negative shift in mean was induced by highest combination 
treatments than the highest individual mutagenic treatments in both the 
varieties. The treated population showed considerable increase in PCV,' GCV, 
h^  (broad sense) and GA in both the varieties. 
10. Seed weight (g) 
The mean values, shift in mean and genetic parameters of 100-seed 
weight in M2 generation of both the varieties are shown in the Tables 55 and 
56. 
The mean shifted significantly (P>0.01, 0.05) in positive as well as 
negative directions in most of the mutagenic treatments with a few exceptions. 
The lower and intermediate doses of individual and combined treatments 
shifted the mean significantly in positive direction while the highest doses of 
individual and combined treatments induced negative shift in mean 
significantly in both the varieties. The maximum shift in mean was 5.60 (0.1% 
EMS), 3.27 (y-rays), 2.94 (0.01% MMS), 2.54 (lOkR+0.1% EMS) and 2.20 
(20kR+0.03% MMS) in var. minor, while the maximum shift in mean was 4.23 
(0.1% EMS), 2.79 (lOkR y-rays), 2.03 (0.01% and 0.02% MMS), 3.66 
(lOkR+0.2% EMS), 3.10 (lOkR+0.01% and lOkR+0.02% MMS) invar, major. 
The phenotypic and genotypic coefficient of variation increased in all 
the mutagenic treated populations. The maximum values of GCV were 11.60% 
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(0.4% EMS), 9.66% (30kR y-rays), 17.10% (0.01% MMS), 11.60% 
(20kR+0.4% EMS) and 14.61% (20kR+0.04% MMS) in var. minor, while the 
maximum GCV was 12.40% (0.1% EMS), 12.26% (40kR y-rays), 10.80% 
(0.01% MMS), 11.39% (20kR+0.4% EMS) and 10.67% (lOkR+0.02% MMS) 
in var. major. 
It is clearly evident from the Tables that a substantial amount of 
variability was induced by the mutagenic treatments for seed weight. The 
maximum heritability was 48.44% (0.1% EMS), 34.25% (30kR y-rays), 
62.38% (0.01% MMS), 48.44% (lOkR+0.1% EMS) and 32.13% (lOkR+0.01% 
MMS) in var. minor, while the maximum heritability values were 89.84% 
(0.4% EMS), 94.64% (40kR y-rays), 77.26% (0.04% MMS), 72.48% 
(lOkR+0.1% EMS) and 68.66% (lOkR+0.02% MMS) in var. major. The 
maximum values for GA were 14.09% (0.4% EMS), 14.83% (30kR y-rays), 
35.40% (0.01% MMS), 19.30% (20kR+0.4% EMS) and 18.68% (lOkR+0.01% 
MMS) in var. minor, while as, the maximum values of GA were 30.31% (0.1% 
EMS), 31.30% (40kR y-rays), 23.54% (0.01% MMS), 20.29% (lOkR+0.2% 
EMS) and 22.77% (lOkR+0.02% MMS) in var. major. 
In general, the individual mutagenic treatments induced significant 
positive shift in mean than the combined treatments, while the higher 
concentrations of combined and individual mutagenic treatments induced 
significant negative shift in mean with a few exceptions in both the varieties. 
The treated population showed considerable increase in PCV, GCV, h^  (broad 
sense) and GA in both the varieties. 
11. Total yield per plant 
The mean values, shift in mean and genetic parameters in M2 generation 
arc presented lor bolh the varieties in the Tables 57 und 58. 
The mean values shifted both in positive as well as negative direction in 
the treated populations. A significant (P>0.01, 0.05) increase in seed yield per 
plant was noticed in the lower and intermediate dose treatments of individual 
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and combined treatments. The maximum shift in mean was 3.83 (0.1% EMS), 
2.83 (lOkR Y-rays), 3.00 (0.01% MMS), 3.33 (lOkR+0.1% EMS), 2.66 
(lOkR+0.01% MMS) in var. minor, while 4.00 (0.01% EMS), 3.33 (lOkR y-
rays), 3.00 (0.01% MMS and in 20kR+0.1% EMS) and 2.00 (lOkR+0.01% 
MMS) in var. major. 
The phenotypic and genotypic coefficient of variation increased in the 
treated populations. The maximum GCV was 12.73% (0.3% EMS), 12.71% 
(20kR Y-rays), 17.48% (0.04% MMS), 12.83% (20kR+0.3% EMS) and 15.71% 
(20kR+0.03% MMS) in var. minor, while the maximum GCV was 11.88% 
(0.1% EMS), 8.63% (30kR Y-rays), 8.72% (0.04% MMS), 8.40 (lOkR+0.2% 
EMS), 8.99 (20kR+0.04% MMS) in var. major. 
A considerable amount of heritability was induced by the mutagenic 
treatments. The maximum heritabilitj' was 55.12% (0.3% EMS), 55.52% (20kR 
Y-rays), 61.16% (0.04% MMS), 52.62% (20kR+0.3% EMS), 61.02% 
(20kR+0.03% MMS) in var. minor, whereas the maximum values of 
heritability were 61.75% (0.1% EMS), 52.96% (30kR Y-rays), 48.79% (0.01% 
MMS), 50.00% (10kR+0.r% and lOkR+0.2% EMS), 48.79% (lOkR+0.01% 
MMS) in var. major. 
The maximum values of GA were 24.45% (0.3% EMS), 24.75% (20kR 
Y-rays), 35.95% (0.04% MMS), 29.42% (20kR+0.3% EMS) and 32.39% 
(20kR+0.03% MMS) in var. minor, while the maximum values of GA were 
24.73% (0.1% EMS), 16.61% (3OkR Y-rays), 15.66% (0.04% MMS), 15.61% 
(lOkR+0.2% EMS) and 15.83% (20kR+0.04% MMS) in var. major. 
In general, the maximum positive shift in mean values was induced by 
lower and intermediate individual mutagenic treatments than combined 
treatments, while the maximum negative shift in mean values was induced by 
higher combined mutagenic treatments than the higher individual mutagenic 
treatments. The treated population showed considerable increase in PCV, GCV, 
h^  (broad sense) and GA in both the varieties. 
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12. Total number of leaves per plant 
The mean values, shift in mean and genetic parameter for number of 
leaves per plant in M2 generation of both the varieties are presented in Tables 
59 and 60. 
The mean shifted both in positive and negative direction (P>0.01, 0.05) 
in both individual and mutagenic treatments. The maximum shift in mean was 
5.33 (0.1% EMS), 4.83 (lOkR y-rays) 4.33 (0.01% MMS), 3.66 (lOkR+0.1% 
EMS) and 3.00 (lOkR+0.01% MMS) in var. minor, while the maximum shift in 
mean was 6.17 (0.1% EMS), 5.67% (lOkR y-rays), 5.00 (0.01% and 0.02% 
MMS), 5.33 (lOkR+0.1% EMS) and 5.00 (lOkR+0.01% MMS) in var. major. 
The phenotypic and genotypic coefficient of variation increased in all 
the treated populations. The maximum GCV was 10.29% (0.3% EMS), 10.92% 
(30kR Y-rays), 10.36% (0.04% MMS), 10.68% (20kR+0.4% EMS) and 10.87% 
(lOkR+0.02% MMS) in var. minor, whereas the maximum GCV was 11.68% 
(0.4% EMS), 10.70% (40kR y-rays), 10.92% (0.04% MMS), 10.18% 
(20kR+0.4% EMS) and 11.15% (20kR+0.04% MMS) in var. major. 
A considerable amount of heritability and genetic advance was induced 
by the mutagenic treatments in the treated populations. The maximum 
heritability was 60.80% (0.4% EMS), 63.38% (20kR y-rays), 48.27% (0.01% 
MMS), 54.55% (lOkR+0.2% EMS), 58.13% (lOkR+0.02% MMS) in var. 
minor, while the maximum heritability was 65.85% (0.4% EMS), 69.97% 
(30kR y-rays), 71.55% (0.02% MMS), 63.23% (lOkR+0.2% EMS) and 76.57% 
(lOkR+0.02% MMS) in var. major. 
The maximum GA was 21.05% (0.3% EMS), 22.65% (20kR y-rays), 
18.39% (0.04% MMS), 20.48% (lOkR+0.2% EMS) and 21.80% (lOkR+0.02% 
MMS) in var. minor, while the maximum GA was 25.07% (0.4% EMS), 
22.31% (40kR y-rays), 22.78% (0.04% MMS), 19.78% (20kR+0.4% EMS) and 
22.71% (20kR+0.04% MMS) in var. major. 
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IX-x: 
Plate XXXVI 
Fig,318 Tall mutant (JOkR+0.1% EMS). 
Fig.319 Tall mutant with altered leaf shape (20kR+0.2% FiMS). 
Fig.320 Tall bushy mutant (lOkR+0.2% EMS). 
Fig.321 Broad leaf mutant (20kR+0.3% EMS). 
Plate XXXVI 
Plate XXXVII 
Fig.322 Mutant with vigorous flowering (0.2% EMS). 
Fig.323 Early flowering mutant (0.03% MMS). 
Fig.324 Bushy dwarf mutant (20kR gamma rays). 
Fig.325 Bushy dwarf mutant with broad leaves (20kR+0.2% EMS). 
Plate XXXVII 
' % 
'> 
» . 
Plate XXXVIII 
Fig.326 Mutant with more number of flowers per plant (0.3% EMS). 
Fig.327 Non-flowering mutant (20kR+0.03% MMS). 
Fig.328 Bushy mutant with more number of flowers per plant (lOkR+0.1% 
EMS). 
Fig.329 Bushy mutant with narrow leaves (20kR+0.0]% MMS). 
Plate XXXVIII 
Plate XXXIX 
Fig.330 Tall mutant with more number of flowers (0.02% MMS). 
Fig.331 Bushy mutant with more number of flowers (20kR+0.03% MMS). 
l''ig.332 Ikishy semi-dwarf mutant with more number of leaves (l()kRtO,2% 
EMS). 
Fig.333 Tall mutant with less number of leaflets per leaf (20kRi-0.3% 
r<MS). 
Plate XXXIX 
i ^ 
330^  -
Plate XL-XLV : Morphological features of mutants of var. 
major isolated in M2 generation. 
Plate XL 
fMg.334 Control plant. 
Fig.335 Bushy tall mutant (0.1% EMS). 
Fig.336 Bushy mutant (0.02% MMS). 
Fig.337 Bushy broad leaf mutant with more number of flowers per 
inflorescence (20kR gamma rays). 
Plate XL 
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Plate XLI 
Fig.338 Tall mutant with broad leaves (lOkR+0.1% EMS). 
Fig.339 Dwarf and bushy mutant with more number of leaves (2()kR+0.3% 
EMS). 
Fig.340 Dwarf and bushy mutant with excess flowering of var. major 
(0.03% MMS). 
Fig.341 Tall and bushy mutant (20kR+0.03% MMS). 
Plate XLI 
~.J 
^^^^HpHP 
^ 
Plate XLII 
Fig.342 Dwarf and broad leaf mutant (0,3% EMS). 
Fig.343 Semi-dwarf and broad leaf mutant (0.02% MMS). 
Fig.344 Busily mutant witli more number of (lowers and ieaves 
(201cR+0.03% MMS). 
l'ig.345 Busily and non-llowering niulanl (201vIM 0.3% CMS). 
Plate XLII 
Plate XLllI 
Fig.346 Semi-dwarf mutant with excess flowering (lOkR+0.2% EMS). 
Fig.347 Dwarf mutant with six flowers per inflorescence (lOkR-t-0.02% 
MMS). 
Fig.348 Dwarf long-leaf mutant (0.03% MMS). 
Fig.349 Bushy mutant with broad leaves (0.3% EMS). 
Plate XLIII 
Plate XLIV 
rig.350 Tall mutant with more leaves (0.02% MMS). 
Fig.351 Tall mutant with less number of flowers (0.2% EMS). 
Fig.352 Mutant with more flowers and elongated leaves (20kR+0.03% 
MMS). 
Fig.353 Dwarf broad leaf mutant (20kR+0.3% EMS). 
Plate XLIV 
Plate XLV 
Fig.354 Tall mulant with less leaflets per leaf (0.3% liMS). 
Fig.355 Tall mutant with less and broad leaflets per leaf (0.03% MMS). 
Fig.356 Bushy semi-dwarf mutant (20kR+0.3% EMS). 
Fig.357 Tall broad leaf mutant (lOkR+0.1% EMS). 
Plate XLV 
Plates XLVI & XLVII : Leaves of var. minor (control) and 
mutants in IVI2 generation. 
Plate XLVI 
Fig 358 a) Var. minor leaf (control), h) Mutant leal" showing increased 
number of leaflets (0.1% EMS), c) Mutant leaf showing altered 
shape and arrangement of leaflets (0.3% EMS). 
l'ig,359 a) Var. minor leaf (control), b) Mutant leaf showing 6 leaflets 
(0.01% MMS), c) Mutant leaf showing 7 leaflets (lOkR gamma 
rays). 
Fig.360 a) Var. minor leaf (control), b) Mutant leaf showing 6 leaflets 
(0.02% MMS), c) Mutant leaf showing 7 leaflets (20kR gamma 
rays). 
Plate XLVI 
Plate XLVII 
Fig.361 a) Var. minor leaf (control), b) Mutant leaf showing 3 broad leaflets 
(lOkR+0.1% EMS), c) Mutant leaf showing 2 broad leaflets 
(20kR+0.02% MMS). 
Fig.362 a) Var. minor leaf (control), b) Mutant leaf showing 7 small and 
narrow leaflets (30kR gamma rays), c) Mutant leaf showing 7 small 
and narrow leaflets (lOkR+0.2% EMS). 
Fig.363 a) Var. minor leaf (control), b) Mutant leaf showing 7 leaflets 
(lOkR+0.2% EMS), c) Mutant leaf showing 5 leaflets (20kR+0.02% 
MMS). 
Plate XLVII 
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IX. 
In general, the maximum positive shift in mean was induced by lower 
and intermediate doses of individual mutagenic treatments than the combined 
treatments, while the maximum negative shift in mean was induced by the 
highest combined mutagenic treatments than the highest individual mutagenic 
treatments in both the varieties. The treated population showed considerable 
increase in PCV, GCV, h^  (broad sense) and GA in both the varieties. 
4.3 STUDIES IN M3 GENERATION 
Based on the yield performance, three treatments of each EMS, y-rays, 
MMS, y-rays+EMS and y-rays+MMS were selected in M3 generation in both 
the varieties of broad bean and the data on cytological investigation and 12 
quantitative characters were recorded along with controls. The representative 
photographs of macromutants and their morphological features isolated in M3 
generation are given in Plate LVIII-LCV (Figs. 394-525). 
4.3.1 Cytological Studies in M3 generation 
The control plants of two broad bean varieties viz., var. minor and var. 
major showed 6 perfect bivalents (2n=12) at diakinesis/metaphase-I. The 
bivalents showed equal segregation of 6:6 at anaphase-I. Telophase was also 
normal. The meiotic aberrations continued in M3 generation also. However, 
their frequency was low as compared to M2 and Mi generations. 
A study of microsporogenesis of plants raised from treated seeds 
revealed various chromosomal aberrations in both the varieties. The meiotic 
aberrations were more or less similar in both the varieties, but the frequency of 
chromosomal aberrations continued to remain more in var. minor (Graph 9). 
The frequency of various meiotic aberrations and the total number of PMCs 
scored in each dose/concentration along with respective controls are presented 
in the Tables 61 and 62. The total frequency of meiotic aberrations in each 
dose/concentration of the mutagens and at different stages of meiosis and the 
coefficient of interaction (K) for various combination treatments is presented in 
Table 63. 
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The treated populations showed various meiotic aberrations in M3 
generation also. The most frequent meiotic aberrations were univalents, 
multivalents, stickiness, laggards, bridges, cytomixis, disturbed polarity and 
micronuclei. In addition to these number of chromosomal aberrations such as 
precocious separation of chromosomes, non-orientation of bivalents at 
metaphase, unequal segregation and non-disjunction of chromosomes at 
anaphase were also observed but comparatively at a low frequency. 
Representative cytological features of M3 generation are shown in the Plates 
XVIII-XXV (Figs. 193-282). 
It is evident from the Tables that almost all types of abnormalities 
increased with an increase in the mutagenic treatment in both the varieties with 
a few exceptions. 
4.3.1.1 Chromosomal aberrations at Metaphase-I and II 
The common chromosomal aberrations observed at metaphase stages are 
as under: 
1) Univalents 
The frequency of univalents ranged from 2-6 per PMC at the 
metaphase-I (Plate XVIII, Fig. 200). The range of frequency of univalents was 
0.40%-0.73% (EMS), 0.55%-0.91% (y-rays), 0.54%-0.89% (MMS), 0.74%-
1.45% (y-rays+EMS) and 0.74%-1.64% (y-rays+MMS) in var. minor, while 
the frequency of univalents ranged from 0.18%-0.74% (EMS), 0.35%-,1.09% 
(y-rays), 0.36%-0.91 (MMS), 0.36%-1.47% (y-rays+EMS) and 0.55%-1.27% 
(y-rays+MMS) in var. major. The highest frequency of PMC's showing 
univalent formation was 1.64% and 1.27% at 20kR+0.03% MMS in var. minor 
and var. major respectively. 
2) Multivnlcnts 
Multivalents were observed in the form of trivalents, tetravalents and 
hexavalents at the metaphase-I in the treated populations (Plate XVIII, Figs. 
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193-204). Higher doses of all the mutagens induced high multivalent 
formation. The frequency of multivalents ranged from 0.74%-1.09% (FMS), 
0.92%-1.28% (y-rays), 1.08%-1.61% (MMS), 0.92%-1.45% (y-rays+EMS) 
and 0.92%-1.64% (y-rays+MMS) in var. minor, while the frequency of 
multivalents ranged from 0.54%-0.92% (EMS), 0.53%-1.09% (y-rays), 
0.73%-1.27% (MMS), 0.72%-1.47% (y-rays+EMS) and 0.37%-1.64% (y-
rays+MMS). The highest frequency of multivalents was 1.64% at 20kR+0.03% 
MMS in both the varieties. 
3) Stickiness 
Stickiness and clumping of chromosomes at metaphase-I was most 
common of all the meiotic abnormalities. Chromosomes clumped either in 
different groups or all the bivalents were clumped together in some PMCs 
(Plate XIX, Figs. 205-213). The frequency of stickiness ranged from 0.55%-
1.09% (EMS, y-rays), 0.54%-1.43% (MMS), 0.55%-1.63% (y-rays+EMS), 
0.55%-1.82% (y-rays+MMS) in var. minor, while the frequency of 
multivalents ranged from 0.36%-0.74% (EMS), 0.35%-1.19% (y-rays), 
0.36%-1.09% (MMS), 0.36%-1.29% (y-rays+EMS), 0.37%-1.45% (y-
rays+MMS) in var. major. The highest frequency of stickiness was 1.82% and 
1.45% at 20kR+0.03% MMS in var. minor and var. major respectively. 
4) Precocious movement of chromosomes 
Precocious movement or early disjunction of chromosome was also 
observed in some PMCs in all the treatments in both the varieties. The 
frequency of precocious separation ranged from 0.40%-0.73% (EMS), 0.37%-
0.91% (y-rays), 0.36%-1.07% (MMS), 0.37%-1.27% (y-rays+EMS) and 
0.55%-1.45% (y-rays+MMS) in var. minor, while the frequency of precocious 
separation ranged from 0.18%-0.55% (EMS), 0.17%-0.73% (y-rays), 0.36%-
0.72% (MMS), 0.36%-0.92% (y-rays+EMS) and 0.37%-1.09% (y-rays+MMS) 
in var. major. The maximum frequency of precocious separation was 1.45% 
and 1.09% at 20kR+0.03% MMS in var. minor and var. major respectively. 
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5) Non-orientation of bivalents 
The non-orientation of bivalents was also observed in all the treatments 
in both the varieties v '^ithout any exception. The frequency of non-orientation of 
bivalents ranged from 0.55%-1.09% (EMS) and 0.74%-1.09% (y-rays), 
0.54%-1.25% (MMS), 0.55%~1.45% (lOkR+EMS), 0.74%-1.64% (y-
rays+MMS) in var. minor, while the frequency of PMCs with non-orientation 
of bivalents ranged from 0.36%-0.92% (EMS), 0.35%-1.09% (y-rays), 0.36%-
1.27% (MMS), 0.54%-1.47% (y-rays+EMS) and 0.74%-1.64% (y-rays+MMS) 
in var. major. The maximum frequency of PMCs with non-orientation of 
bivalents was 1.64% at 20kR+0.03% MMS in both the varieties. 
6) Fragments 
Fragments were also observed in almost all the treatments (Plate XIX, 
Figs. 214) with some exceptions (0.1% EMS, 0.2% EMS and lOkE. y-rays in 
var. minor and 0.1% and 0.2% EMS in var. major). The maximum frequency of 
PMC's with fragments was 0.72% at 201cR+0.03% MMS in both the varieties. 
4.3.1.2 Chromosomal aberrations at anaphase-I and II 
The dominant chromosomal aberrations at anaphase-I/II were laggards, 
bridges, unequal separation, non-disjunction and cytomixis. 
1) Laggards 
The frequency of lagging chromosome ranged from 1-2 per PMC in M3 
generation (Plate XDC, Fig. 216). These laggards were present either as 
univalents or as whole bivalents at anaphase. The laggards were also found in 
M3 generation in almost all the concentrations with a single exception i.e., 
0.1% EMS in var. minor and two exceptions i.e., 0.01% MMS and lOkR y-rays 
in var. major. The frequency of laggards ranged from 0.36%-0.54% (EMS), 
0.18%-0.73% (y-rays), 0.18%-0.71% (MMS), 0.18%-0.91% (y-rays+EMS), 
0.37%-0.91% (y-rays+MMS) in var. minor, while the frequency of laggards 
was 0.17%-0.37% (EMS), 0.36%-0.54% (y-rays), 0.18%-0.72% (MMS), 
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0.18%-0.92% (y-rays+EMS) and 0.37%-0.72% (y-rays+MMS) in var. major. 
The maximum frequency of laggards was 0.91% at lOkR+0.02% MMS and 
20kR+0.03% MMS in var. minor and var. major respectively. 
2) Bridges 
Bridges at anaphase-I and II with or without fragments were observed in 
all the treated populations in both the varieties in M3 generation also (Plates 
XIX, XX, XXI, Figs. 216, 224, 227-232). Mostly single and double bridges 
were observed but occasionally, multiple bridges were also observed mainly in 
combined treatments. The frequency of PMCs with bridges ranged from 
0.74%-1.09% (EMS), 0.92%-1.09% (y-rays), 0.90%-1.25% (MMS), 0.92%-
1.45% (y-rays+EMS), 0.92%-1.64% (y-rays+MMS) in var. minor, while the 
frequency of PMCs with bridges ranged from 0.18%-0.74% (EMS), 0.17%-
0.99% (y-rays), 0.36%-1.09% (MMS), 0.54%-1.29% (y-rays+EMS), 0.74%-
1.45% (y-rays+MMS) in var. major. The maximum firequency of bridges was 
1.64% and 1.45% at 20kR+0.03% MMS, in var. minor and var. major 
respectively. 
3) Unequal separation 
Unequal separation of chromosomes was also found in both the varieties 
in almost all the treatments with a single exception i.e., 0.1% EMS in both the 
varieties (Plate XIX, Fig. 215). The frequency of unequal separation of 
chromosomes ranged from 0.18%-0.54% (EMS), 0.36%-0.53% (y-rays), 
0.18%-0.54% (MMS) 0.37%-0.72% (y-rays+EMS) and 0.55yo-1.09% (y-
rays+MMS) in var. minor, while the frequency of PMCs with unequal 
separation of chromosomes was 0.37%-0.55% (EMS), 0.17%-0.54% (y-rays), 
0.18%-0.54% (MMS), 0.36%-0.73% (y-rays+EMS) and 0.55%-1.27% (y-
rays+MMS) in var. major. The maximum frequency of unequal separation was 
1.09% and 1.27% at 20kR+0.03% MMS in var. minor and var. major 
respectively. 
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4) Non-disjunction 
Non-disjunction of bivalents was also one of the meiotic abnonnalities 
found at anaphase in M3 generation in almost all the treatments with some 
exceptions i.e., 0.1% EMS in var. minor and 0.1% and 0.2% EMS and lOkR 7-
rays in var. major. The frequency of non-disjunction of bivalents ranged from 
0.18%-0.36% (EMS, Y-rays), 0.18%-0.53% (MMS), 0.18%-0.54% (y-
rays+EMS), 0.18%-0.73% (y-rays+MMS) in var. minor, while it was 0.18% in 
0.3% EMS but ranged from 0.18%-0.36% (y-rays), 0.18%-0.54% (MMS), 
0.36%-0.73% (Y-rays+EM3), 0.54% at lOkR+0.02% MMS and 20kR+0.03% 
MMS in var. major. The maximum frequency of PMCs with non-disjunction 
was 0.73% at lOkR+0.02% MMS in var. minor and 0.54% at 20kR+0.3% EMS 
in var. major. 
5) Cytomixis * 
The cytomixis at anaphase stages was obsei-ved in most of the selected 
treatments (Plate XXII, Figs. 241-246) in both the varieties with' some 
exceptions (0.1%, 0.2% EMS in var. minor and 0.1-0.3% EMS, lOkR y-rays 
and 0.01% MMS in var. major). The highest frequency of PMCs with 
cytomixis was 0.54% and 0.36% in vars. minor and major respectively. 
4.3.1.3 Chromosomal aberrations at telophase-I and II 
The main chromosomal aberrations at telophase I/II were disturbed 
polarity, micronuclei, multinucleate condition and cytomixis. 
1) Disturbed polarity 
Disturbed polarity was commonly observed at telophase II in all the 
concentrations in both the varieties in M3 generation (Plate XXI, Figs. 234-
240). The frequency of PMCs with disturbed polarity ranged from 0.92%-
1.46% (EMS, y-rays), lMy<y-lA3% (MMS), 1.11%-1.63% (y-rays+EMS) and 
1.11%-1.82% (y-rays+MMS) in var. minor, while it ranged from 0.54%-
1.11% (EMS), 0.53%-1.28% (y-rays), 0.36%-1.09% (MMS), 0.54%-L29% 
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Plate LXXVII 
Fig.469 a) Control pods, b) Mutant pods of Minor-D. 
Fig.470 a) Control pods, b) Mutant pods of Minor-E. 
Fig.471 a) Control pods, b) Mutant pods of Minor-F. 
Plate LXXVII 
Plate LXXVIII 
Fig.472 a) Conlrol pods, b) Mutant pods of Minor-G. 
Fig.473 a) Control pods, b) Mutant pods of Minor-H. 
Fig.474 a) Control pods, b) Mutant pods of Minor-I. 
Plate LXXVIII 
Plate LXXIX 
Fig.475 a) Control pods, b) Mutant pods of Minor-J. 
Fig.476 a) Control pods, b) Mutant pods of Minor-K. 
Fig.477 a) Control pods, b) Mutant pods of Minor-L. 
Plate LXXIX 
Plate LXXX 
Fig.478 a) Control pods, b) Mutant pods (4 pods per bunch) of Minor-M. 
Fig.479 a) Control pods, b) Mutant pods (4 pods per bunch) of Minor-N. 
Fig.480 a) Control pods, b) Mutant pods (4 pods per bunch) of Minor-0. 
Plate LXXX 
Plates LXXXI-LXXXV : Pods of var. major (control) and 
isolated strains in M3 generation. 
Plate LXXXI 
Fig.48l a) Control pods, b) Mutant pods of Major-A. 
Fig.482 a) Control pods, b) Mutant pods of Major-B. 
Fig.483 a) Control pods, b) Mutant pods of Major-C. 
Plate LXXXI 
Plate LXXXII 
I'ig.484 a) Control pods, h) Mutant pods of Major-D. 
l'ig.485 a) Control pods, b) Mutant pods of Major-li. 
Fig.486 a) Control pods, b) Mutant pods of Major-F. 
Plate LXXXII 
Plate LCII 
Plate LCIIl 
Fig.517 a) Control seeds, h) Bold seeds of Major-G. mutant seeds were hold 
and showed peculiar struetures on seed coat. 
Fig.518 a) Control seeds, h) Bold seeds ofMajor-H, mutant seeds were bold 
and showed peculiar struetures on seed coat. 
Fig.519 a) Control seeds, b) Bold seeds of Major-I, mutant seeds were bold 
and showed pecuHar structures on seed coat. 
Plate LCIII 
Plate LCIV 
rig.520 a) (\Milr(>l seeds, h) i^ okl seeds of Nlajor-.l, niutant seeds were bold 
and slv.nved peculiar structures on seed coal. 
Fig.521 a) Control seeds, b) Bold seeds of Major-K, mutant seeds were bold 
and showed peculiar structures on seed coat. 
Fig.522 a) Control seeds, b) Bold seeds of Major-l„ with control seeds of 
var. rnajor, mutant seeds were bold. 
Plate LCrV 
Plate LCV 
Fig.523 a) Control seeds, b) Bold seeds of Major-M, mutant seeds were bold 
and showed peculiar structures on seed coat. 
Fig.524 a) Control seeds, b) Bold seeds of Major-N, mutant seeds were bold 
and showed peculiar structures on seed coat. 
Fig.525 a) Control seeds, b) Bold seeds of Major-O, mutant seeds were 
bold. 
Plate LCV 
Plate LCVI 
Fig.526 Showing gel electrophoresis of proteins of isolated mutants of var. 
minor in M^ generation. 
Fig.527 Showing gel electrophoresis of proteins of isolated mutants of var. 
major in M^ generation. 
Plate LCVI 
r(i' on'' 
(MMS), 0.54%-1.29% (y-rays+EMS) and 0.74%-1.45% (y-rays+MMS) in var. 
major. The maximum frequency of PMCs with disturbed polarity was 1.82% 
and 1.45% at 20kR+0.03% MMS, in var. minor and var. major respectively. 
2) Micronuclei 
Micronuclei were most frequently observed at telophase-II but were 
occasionally found at telophase-I. They were observed in most of the 
concentrations in both the varieties with a few exceptions i.e., 0.1% of EMS in 
var. minor and lOkR y-rays, 0.01% MMS in var. major. The PMCs with micro 
nuclei ranged from 0.36%-0.54% (EMS), 0.55%-O.73% (y-rays), 0.18%-
0.89% (MMS), 0.18%-1.09% (y-rays+EMS) and 0.18%-1.27% (y-rays+MMS) 
in var. minor, whereas it ranged from 0.18%-0.55% (EMS), 0.36%-0.54% (y-
rays), 0.54%-0.72% (MMS), 0.54%-0.92% (y-rays+EMS) and 0.18%-1.27% 
(y-rays+MMS) in var. major. The maximum frequency of PMCs with 
micronuclei was 1.27% at 20kR+0.03% MMS in vars. minor and major 
respectively. 
3) Multinucleate condition 
Multinucleate condition was also found in M3 generation in both the 
varieties in all the treatments with some exceptions (0.1% EMS in var. minor 
and 0.1% and 0.2% EMS in var. major). The frequency of PMCs with 
multinucleate condition ranged from 0.18%-0.36% (EMS), 0.37%-0.54% (y-
rays), 0.36%-0.71% (MMS), 0.55%-0.91% (y-rays+EMS) and 0.74%-1.09% 
(y-rays+MMS) in var. minor, while in var. major 0.18% (0.3% EMS) PMCs 
were found with multinucleate condition and range was 0.17%-0.36% (y-rays), 
0.36%-0.54% (MMS), 0.36%-0.73% (y-rays+EMS) and 0.37%-0.91% (y-
rays+MMS). The highest frequency of PMCs with multinucleate condition was 
1.09% at 20kR+0.03% MMS in var. minor and 0.91% at 10kR+0.02ro and 
20kR+0.03% MMS in var. major. 
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4) Cytomixis 
Cytomixis also persisted in M3 generation at telophase stages in both the 
varieties with some exceptions (0.1, 0.2% EMS in vm"s. minor and major). The 
frequency of PMCs with cytomixis was 0.18% in EMS, but ranged from 0.36-
0.37% (Y-rays), 0.36%-0.71% (MMS), 0.74%-0.91% (y-rays+EMS) and 
0.74%-1.09% (Y-rays+MMS) in var. minor, while in var. major, it was 0.18% 
in EMS, but ranged from 0.17%-0.36% (Y-rays), 0.18%-0.54% (MMS), 
0.36%-0.73% (Y-rays+EMS) and 0.55%-0.91% (Y-rays+MMS). The highest 
frequency of PMCs with cytomixis was 1.09% and 0.91%. at 20kR+0.04% 
MMS in vars. minor and major respectively. 
4.3.1.4 Chiasma frequency in M3 generation 
M umber of PMCs raised from treated as well as untreated (control) 
plants were studied and chiasmata per cell was calculated (Tables 64 & 65). 
Results pertaining to the frequency of chiasmata per cell in the treated plants as 
compared to their respective controls clearly indicate that the chiasmata per cell 
decreased more in combined treatments with the increase of univalents and rod 
bivalents than the individual mutagenic treatments. The pooled mean of 
chiasmata per cell showed 20.17 (EMS), 20.00 (Y-rays), 20.00 (MMS), 19.23 
(y-rays+EMS) and 18.60 (y-rays+MMS) in var. minor, while in var. major the 
chiasmata per cell were 20.27 (EMS), 20.07 (y-rays), 20.07 (MMS), 19.27 (y-
rays+EMS) and 18.63 (y-rays+MMS). 
The pooled mean frequency of univalents was 0.07 (EMS), 0.17 (y-
rays), 0.23 (MMS), 0.33 (y-rays+EMS) and 0.57 (y-rays+MMS) in var. minor, 
while in var. major the pooled mean frequency of univalents was 0.03 (EMS), 
0.13 (y-rays), 0.20 (MMS) 0.27 (y-rays+EMS) and 0.47 (y-rays+MMS). The 
pooled mean frequency of multivalents was 0.07 (EMS), 0.20 (y-rays), 0.30 
(MMS), 0.47 (y-rays+EMS) and 0.63 (y-rays+MMS) in var. minor, while in 
var. major the pooled mean frequency of multivalents was 0.03 (EMS), 0.17 (y-
rays), 0.20 (MMS), 0.43 (y-rays+EMS) and 0.53 (y-rays+MMS). 
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The pooled mean frequency of rod bivalents was 1.30 (EMS), 1.33 (y-
rays), 1.37 (MMS), 1,37 (y-rays+EMS) and 1.00 (y-rays+MMS) in var. minor, 
while in var. major the pooled mean frequency of rod bivalents was 1.13 
(EMS), 1.20 (y-rays), 1.40 (MMS), 1.20 (y-rays+EMS) and 1.07 (y-
rays+MMS). The pooled mean of ring bivalents was 4.57 (EMS), 4.33 (y-rays), 
4.10 (MS). 4.00 (y-rays+EMS) and 3.83 (y-rays+MMS) in var. minor, while the 
pooled mean of ring bivalents was 4.80 (EMS), 4.47 (y-rays), 4.27 (MMS), 
4.00 (y-rays+EMS) and 3.97 (y-rays+MMS). 
4.3.2 Quantitative Characters in M3 generation 
1. Days to flowering 
The mean values, shift in mean and various genetic parameters for days 
to flowering in the M3 generation of both the varieties are shown in the Tables 
66 and 67. 
The mean flowering time was significantly reduced (P>0.01, 0.05) in 
most of the treatments in both the varieties with few exceptions. The maximum 
shift in mean was 6-8 days (EMS), 4-7 days (y-rays), 4-5 days (MMS, y-
rays+EMS) and 4-5 days (y-rays+MMS) in var. minor, whereas the maximum 
shift in mean was 8.09-9.59 (EMS), 8-9.59 days (y-rays), 7.69-8.16 days 
(MMS), 6.96-7.13 days (y-rays+EMS) and 2.99-4.06 days (y-rays+MMS) in 
var. major. 
The phenotypic and genotypic coefficient of variations were 
significantly high in the treated populations. The variability was higher in M3 
than M2 generation. The range of GCV was 5.99%-7.94% (EMS), 5.65%-
7.83% (y-rays), 5.83%-7.36 (MMS), 5.78%-9.23% (y-rays+EMS) and 6.97%-
8.60% (y-rays+MMS) in var. minor, while the range of GCV was 11.54-
12.73% (EMS), 9.50-11.87% (y-rays), 11.42-11.43% (MMS), 8.25-11.04% 
(y-rays+EMS) and 8.03-10.99% (y-rays+MMS) in var. major. The maximum 
GCV was observed 9.23% and 12.73% in lOkR+0.2% EMS and 0.3% EMS in 
var. minor and var. major respectively. 
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The heritability and genetic advance significantly increased in the 
treated populations. The increase was more than that of M2 generation. The 
maximum range of heritability was 62.39%-82.91% (EMS), 65.92%-85.15% 
(Y-rays), 68.58%-84.14% (MMS), 62.67%-84.50% (y-rays+EMS) and 
70.71%-84.71% (y-rays+MMS) in var. minor, whereas the maximum range 
was 74 69%-78.76% (EMS), 78.58%-82.21% (y-rays), 74.63%-76.11% 
(MMS), 68.19%-84.06% (y-rays+EMS) and 68.76%-78.85% (y-rays+MMS) 
in var. major. The maximum value of heritability was 85.15% at lOkR y-rays 
and 84.06% at 20kR+0.3% EMS in var. minor and var. major respectively. 
The range of GA was 12.41%-19.13% (EMS), 12.12-19.06% (y-rays), 
12.63%-! 7.79% (MMS) 12.14-22.25% (y-rays+EMS) and 15.48°/b-20.96% (y-
rays+MMS) in var. minor, whereas, the range was 26.42%-29.51% (EMS), 
22.67%-27.83% (y-rays), 25.83-26.29% (MMS), 19.93%-25.37% (y-
rays+EMS) and 19.07%-25.49% (y-rays+MMS) in var. major. The maximum 
GA was 22.25% at lOkR+0.2% EMS and 29.51% in 0.2% EMS in var. minor 
and var, major respectively. 
In general maximum shift in mean values was induced by individual 
mutagenic treatments than the combined treatments. The shift in mean was 
more as compared to M2 generation in both the varieties. Moreover, the genetic 
parameters viz., GCV, h^  (broad sense) and GA showed increase over M2 in 
both the varieties. 
2. Number of flowers per plant 
The mean values, shift in mean and various genetic parameters for 
number of flowers per plant in the M3 generation of both the varieties are 
shown in the Tables 68 and 69. 
A significant (P>0.01, 0.05) positive shift in mean in number of flowers 
per plant was noticed in almost all the treatments in both the varieties. The shift 
in mean was more than that of M2 generation. The range of shift in mean was 
13.36-14.00 (EMS), 10.33-12.23 (y-rays), 8.26-10.45 (MMS), 5.26-6.30 (y-
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rays+EMS), 2.60-5.16 (y-rays+MMS) in var. minor, while the range of shift in 
mean was 11.93-13.93 (EIvIS), 9.60-11.23 (y-rays), 8.03-8.96 (MMS), 6.20-
7.36 (y-rays+EMS) and 4.00-5.56 (y-rays+MMS) in var. major. 
A considerable increase in phenotypic and genotypic coefficient of 
variation was observed in the treated population. The increase was more than 
M2 generation. The range of GCV was 7.10%-8.96% (EMS), 5.94%-9.74% (y-
rays), 8.94%-9.04% (MMS), 7.79%-10.76% (y-rays+EMS) and 7.74%-9.96% 
(y-rays+MMS) in var. minor, whereas the range of GCV was 9.87%-10.69% 
(EMS), 10.19%-11.22% (y-rays), 11.24%-12.81% (MMS), 12.86%-13.19% 
(y-rays+EMS) and 13.07%-14.17% (y-rays+MMS) in var. major. The 
maximum GCV was 10.76% at 20kR+0.3% EMS and 14.17% at 20kR+0.03% 
MMS in var. minor and var. major respectively. 
The heritability and genetic advance estimates increased considerably in 
M3 generation than M2 generation in the treated population. The range of 
heritability was 61.59%-77.08% (EMS), 62.36%-82.25% (y-rays), 75.81%-
77.83% (MMS), 67.04%-86.05% (y-rays+EMS) and 68.53%-81.99 (y-
rays+MMS) in var. minor, while the range in heritability was 71.68%-78.07% 
(EMS), 71.94%-76.12% (y-rays), 75.63%-81.19% (MMS), 72.94%-80.41% 
(y-rays+EMS) and 72.24%-73.08 (y-rays+MMS) in var. major. The maximum 
heritability was 86.05% at 20kR+0.3% EMS and 81.19% at 0.03% MMS in 
var. minor and var. major respectively. 
The range of genetic advance was 14.55%-20.75% (EMS), 12.32%-
23.26% (y-rays), 20.59%-21.09% (MMS), 18.83%-26.33% (y-rays+EMS) and 
16.79%-23.80% (y-rays+MMS) in var. minor, while the range of GA was 
22.14%-24.72% (EMS), 22.84%-25.80% (y-rays), 19.15%-30.40% (MMS), 
29.01%-31.06% (y-rays+EMS) and 29.46%-31.93% (y-rays+MMS) in var. 
major. The maximum GA was observed at 26.33% (20kR+0.3% EMS) and 
31.93% at 20kR+0.03% MMS in var. minor and var. major respectively. 
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In general, maximum shift in mean values was induced by individual 
mutagenic treatments than the combined treatments. The shift in mean in M3 
was more than M2 generation in both the varieties. Moreover, the genetic 
parameters viz., GCV, h (broad sense) and GA showed increase over M2 in 
both the varieties. 
3. Days to maturity 
The mean values, shift in mean and various genetic parameters for days 
to maturity in the M3 generation of both the varieties are shown in the Tables 
70 and 71. 
The mean number of days taken to maturity was significantly reduced 
(P> 0.01, 0.05) in almost all the treatments in both the varieties. The range in 
shift of mean was 7.00-10.13 (EMS), 6.46-6.80 (y-rays), 5.77-6.10 (MMS), 
4.50-5.36 (y-rays+EMS) and 2.60-3.96 (y-rays+MMS) in var. minor, whereas 
the range in shift of mean was 8.57-10.70 (EMS), 7.33-7.67 (y-rays), 5.27-
6.67 (MMS), 4.93-5.60 (y-rays+EMS) and 3.37-5.50 (y-rays+MMS) in var. 
major. The maximum shift in mean was induced by 0.1% EMS in both the 
varieties. 
The genotypic and phenotypic coefficient of variation continued to 
remain high in the treated populations as compared to controls. The variability 
was high in M3 generation as compared to M2 in the mutagenic treatments. The 
range of GCV was 6.04%-6.70% (EMS), 5.51%-5.37% (y-rays), 4.86%-
5.67% (MMS), 4.91%-5.94% (y-rays+EMS) and 4.93%-6.18% (y-rays+MMS) 
in var. minor, while the range was 7.06%-8.55% (EMS), 7.08%o-8.96% (y-
rays), 7.47%-9.45% (MMS), 7.29%-8.03% (y-rays+EMS), 6.82%-9.42% (y-
rays+MMS) in var. major. The maximum GCV was 6.70% at 0.1% EMS and 
9.45% at 0.01% MMS in var. minor and var. major respectively. 
The heritability and genetic advance estimates were also high in the 
treated population as compared to controls. The range of heritability was 
80.13%-87.21% (EMS), 80.15%-81.98% (y-rays), 75.28%-84.00% (MMS), 
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74.89%-85.42% (y-rays+EMS), 75.06%-86.74% (y-rays+MMS) in var. minor, 
while the range of heritability estimates was 75.10%-87.33% (EMS), 74.69%-
84.78% (y-rays), 77.54%-89.36% (MMS), 76.28%-84.79% (y-rays+EMS) and 
86.73%-90.47% (y-rays+MMS) in var. major. The maximum heritability was 
87.21% at 0.2% EMS and 90.47% at 20kR+0.03% MMS in var. minor and var. 
major respectively. 
The range of GA estimates was 14.89%-15.82% (EMS), 12.67%-
13.31% (y-rays), 11.14%-13.73% (MMS), 11.22%-14.42% (y-rays+EMS) and 
11.27%-!5.24%) (y-rays+MMS) in var. minor, whereas the range of GA was 
11.63%-21.02% (EMS), 16.22%-21.84% (y-rays), 17.25%)-23.49% (MMS), 
16.74%-18.79% (y-rays+EMS) and 17.03%-23.85% (y-rays+MMS) in var. 
major. The maximum values of GA were 15.82%) in 0.1% EMS and 23.85%) at 
lOkR+0.02%) MMS in var. minor and var. major respectively. 
In general, the individual mutagenic treatments caused more significant 
shift in mean values than the combined mutagenic treatments. Moreover, the 
lower doses of individual and combined treatments caused more significant 
shift in mean than the intermediate doses. In general, the genetic parameters 
viz., genotypic coefficient of variability, heritability and genetic advance 
increased in M3 over M2 in most of the treatments. 
4. Plant height (cm) 
The mean values, shift in mean and various genetic parameters for plant 
height (cm) in the M3 generation of both the varieties are shown in the Tables 
72 and 73. 
A significant (P>0.01, 0.05) positive shift in mean of plant height was 
noticed in almost all the treatments in both the varieties. The range of mean 
plant height was 5.67%-6.00% (EMS), 4.54-5.14 (y-rays), 4.40-4.57 (MMS), 
2.87-3.90 (y-rays+EMS) and 1.54-3.44 (y-rays+MMS) in var. minor, While it 
was 4.14-5.14 (EMS), 3.37-3.70 (y-rays), 3.17-3.97 (MMS), 1.84-2.54 (y-
rays+EMS) and 1.00-2.87 (y-rays+MMS) in var. major. The maximum shift in 
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mean was 6.00 at 0.1% EMS and 5.14 at 0.3% EMS in var. minor and var. 
major respectively. 
The phenotypic and genotypic coefficient of variation increased 
considerably in treated populations as compared to their respective controls. 
The range of GCV was 7.01%-9.10% (EMS), 7,10-9.27% (y-rays), 8.78%-
10.08% (MMS), 9.28%-11.47% (y-rays+EMS) and 9.34%-10.84% (y-
rays+MMS) in var. minor, whereas the range of GCV was 10.18%-16.10% 
(EMS), 9.60%-13.02% (y-rays), 10.53%-16.53% (MMS), 14.37%-15.49% (y-
rays+EMS) and 7.52%-14.60% (y-rays+MMS) in var. major. The maximimi 
GCV was 11.47% at lOkR+0.2% EMS in var. minor and 16.53% in 0.01% 
MMS in var. major. 
The heritability and genetic advance increased in M3 in all treatments 
over M2. The range of heritability estimates was 77.80%-85.95% (EMS), 
68.12%-78.23% (y-rays), 73.94%-82.87% (MMS), 73.19%-87.23% (y-
rays+EMS) and 69.449/o-80.98% (y-rays+MMS) in var. minor, whereas the 
range of heritability estimates was 56.18%-84.67% (EMS), 50.09%-68.64% 
(y-rays), 54.80%-60.97% (MMS), 74.95%-86.55% (y-rays+EMS) and 
43.01%-81.05% (y-rays+MMS) in var. major. The maximum heritability was 
87.23% and 86.55% at 20kR+-0.3% EMS in var. minor and var. major 
respectively. 
The range of genetic advance was 17.60%-22.29% (EMS), 15.25%-
20.22% (y-rays), 19.95%-24.28% (MMS), 16.79%-28.13% (y-rays+EMS) and 
20.87%-25.76% (y-rays+MMS) in var. minor, while it ranged between 
20.07%-39.27% (EMS), 17.86%-28.61% (y-rays), 20.66%-39.65% (MMS), 
32.86%-37.82% (y-rays+EMS) and 13.02%-34.70% (y-rays+MMS) in var. 
major. The maximum values of GA were 25.76% at lOkR+0.01% MMS and 
39.65% at 0.01% MMS in var. minor and var. major respectively. 
In general, the individual mutagenic treatments induced more shift in 
mean values than the combined treatments. Moreover, the lower doses of 
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individual and combined treatments caused more positive shift in mean than 
the intermediate doses in both the varieties. The genetic parameters i.e., 
genotypic coefficient of variability, heritabiiity and genetic advance increased 
in Ms as compared to M2 in most of the treatments. 
5, Number of fertile branches per plant 
The mean values, shift in mean and various genetic parameters for 
number of fertile branches per plant in the M3 generation of both the varieties 
are shown in the Tables 74 and 75. 
The shift in mean showed significant (P>0.01, 0.05) increase in treated 
populations in almost all the treatments in both the varieties. The shift in mean 
was more than that of M2 generation. The range of shift in mean was 4.13-5.96 
(EMS), 3.60-3.90 (y-rays), 3.26-3.36 (MMS), 2.66-3.00 (y-rays+EMS) and 
1.76-2.20 (y-rays+MMS) in var. minor, whereas it ranged between 2.83-3.33 
(EMS), 2.30-2.47 (y-rays), 1.57-2.17 (MMS), 1.07-1.30 (y-rays+EMS), 0.60-
0.77 (y-rays+MMS) in var. major. The maximum shift in mean was 5.96 and 
3.33 in 0.1% EMS in var. minor and var. major respectively. 
The phenotypic and genotypic coefficient of variation increased 
considerably in M3 generation over M2. The range of GCV was 18.96%-
25.66% (EMS), 21.22%-27.01% (y-rays), 22.11%-27.54% (MMS), 19.97%-
23.46% (y-rays+EMS), 17.73%-22.03% (y-rays+MMS) in var. minor, whereas 
the range of GCV was 14.76%-18.87% (EMS), 17.06%-31.41% (y-rays), 
17.19%-27.27% (MMS), 17.87%-39.96% (y-rays+EMS) and 21.77%-25.38% 
(y-rays+MMS) in var. major. The maximum GCV was 27.54% in 0.01% MMS 
and 39.96% at 20kR+0.3% EMS in var. minor and var. major respectively. 
The heritabiiity and genetic advance estimates were also high in the 
treated population as compared to control. The range of heritabiiity was 
70.22%-78.05% (EMS), 61.79%-79.67% (y-rays), 68.95%-87.00% (MMS), 
63.73%-72.13% (y-rays+EMS) and 57.7]%-68.48% (y-rays+MMS) in var. 
minor, whereas the range of heritabiiity estimates was 44.31%-53.43% (EMS), 
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44.10%-72.39% (Y-rays), 44.80%-69.24% (MMS), 45.26%-69.32% (y-
rays+EMS) and 52.52%-67.13% (y-rays+MMS) in var. major. The maximum 
heritability was 87.00% in 0.01% MMS and 72.39% at 0.02% MMS in var. 
minor and var. major respectively. 
The range of GA was 41.85%-59.87% (EMS), 44.25%-63.94% (y-
rays), 48.43%-67.78% (MMS), 42.19%-52.48% (y-rays+EMS) and 35.73%-
47.83% (y-rays+MMS) in var. minor, whereas the range of GA was 25.81%-
36.16% (EMS), 29.840/(^9.68% (y-rays), 30.42%-59.68% (MMS), 31.60%-
62.22% (y-rays+EMS) and 41.20%-54.89% (y-rays+MMS) in var. major. The 
maximum values of GA were 67.78% in 0.01% MMS and 69.68% at 30kRy-
rays in var. minor and var. major respectively. 
In general, the individual mutagenic treatments caused more shift in 
mean values than the combined treatments. Moreover, the lower individual and 
lower combined mutagenic treatments caused more positive shift in mean than 
the intermediate doses. The genetic parameters viz., genotypic coefficient of 
variability, heritability in broad sense and genetic advance increased in M3 as 
compared to M2 in most of the treatments. 
6. Pods per plant 
The mean values, shift in mean and various genetic parameters for pods 
per plant in the M3 generation of both the varieties are shown in the Tables 76 
and 77. 
All the selected treatments showed significant improvement (P>0.01, 
0.05) in the number of pods per plant in both the varieties. The range of shift in 
mean was 14.74-16.64 (EMS), 13.47-13.84 (y-rays), 12.40-13.80 (MMS), 
11.74-12.70 (y-rays+EMS), 3.17-11.30 (y-rays+MMS) in var. minor, while the 
range of shift in mean was 10.14-12.47 (EMS), 7.60-9.97 (y-rays), 5.34-7.57 
(MMS), 4.20-5.34 (y-rays+EMS) and 1.54-4.24 (y-rays+MMS) in var. major. 
The maximum shift in mean was 16.64 and 12.47 in 0.1% EMS in var. minor 
and var. major respectively. 
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It is interesting to note that genetic variability increased in M3 over M2 
in most of the treatments. The range of GCV was 5.42%-9.14% (EMS), 
6.80%-13.54% (Y-rays), 6.59%-7.23% (MMS), 8.45%-10.90% (y-rays+EMS) 
and 8.84%-15.89% (y-rays+MMS) in var. minor, while the range of GCV was 
12.20%-12.82% (EMS), 11.84%-13.74% (y-rays), 11.81%-18.96% (MMS), 
10.50%-16.04% (y-rays+EMS) and 11.91%-16.10% (y-rays+MMS) in var. 
major. The maximum GCV was 15.89% at 20kR + 0.03% MMS and 18.96% in 
0.03% MMS in var. minor and var. major respectively. 
The heritability and genetic advance also showed considerable 
improvement in M3 over M2. The range of heritability was 66.25%-80.90% 
(EMS), 58.80%-87.41% (y-rays), 48.14%-63.34% (MMS), 58.60%--72.65% 
(y-rays+EMS) and 64.27%-89.21% (y-rays+MMS) in var. minor, whereas the 
range of heritability was 37.55%-52.20% (EMS), 43.50%-58.69% (y-rays), 
60.80%-69.98% (MMS), 59.49%-71.72% (y-rays+EMS) and 67.61%-76.86% 
(y-rays+MMS) in var. major. The maximum heritability was 89.21% at 
20kR+0.03% MMS and 76.86% at lOkR+0.01% MMS in var. minor and var. 
major respectively. 
The range of GA was 5.42%-21.72% (EMS), 13.85%-33.25% (y-rays), 
11.70%-15.12% (MMS), 17.20%-24.90% (y-rays+EMS) and 18.64%-39.52% 
(y-rays+MMS) in var. minor, while the range of GA was 19.44%-23.73% 
(EMS), 22.85%-24.94% (y-rays), 26.06°/)-^ 1.88% (MMS), 27.44%-32.43% 
(y-rays+EMS) and 26.96%-37.34% (y-rays+MMS) in var. major. 
In general, the individual mutagenic treatments showed more shift in 
mean values than the combined treatments. Moreover, the lower doses of 
individual and combined mutagenic treatments showed more positive shift in 
mean than the intermediate treatments in both the varieties. The genetic 
parameters viz., genotypic coefficient of variability, heritability in broad sense 
and genetic advance increased in M3 as compared to M2 in most of the 
treatments. 
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7. Seeds per pod 
The mean values, shift in mean and various genetic parameters for 
number of seeds per pod in the M3 generation of both the varieties are shown in 
the Tables 78 and 79. 
The mean seeds per pod increased significantly (P>0.01, 0.05) in almost 
all the selected treatments in both the varieties. The range of shift in mean was 
1.17-1.33 (EMS), 1.10-1.13 (y-rays), 0.80-0.97 (MMS), 0.67-0.73 (7-
rays+EMS) and 0.57-0.67 (y-rays+MMS) in var. minor, whereas, the range of 
shift in mean was 0.96-1.03 (EMS), 0.77-0.97 (y-rays), 0.63-0.77 (MMS), 
0.63-0.67 (y-rays+EMS) and 0.33-0.47 (y-rays+MMS) in var. major. The 
maximum shift in mean was 1.33 and 1.03 in 0.1% of EMS in var, minor and 
var. major respectively. 
All the genetic parameters continued to increase further in M3 in most of 
the treatments. The range of GCV was 19.14%-25.18% (EMS), 19.29%-
28.92% (y-rays) 29.20%-26.39% (MMS), 21.15%-26.39% (y-rays+EMS) and 
24.55%-28.21% (y-rays+MMS) in var. minor while the range was 19.52%-
26.13% (EMS), 23.57%-27.32% (y-rays), 24.43%-25.46% (MMS), 23.52%-
25.26% (y-rays+EMS) and 26.49%-27.01% (y-rays+MMS) in var. major. The 
maximum GCV was 28.92% and 27.33% at 30kR y-rays in var. minor and var. 
major respectively. 
The heritability and genetic advance increased to a considerable extent 
in M3 over M2. The range of heritability estimates was 82.83%-94.52% (EMS), 
75.76%-93.37% (y-rays), 84.33%-90.28% (MMS), 76.00%-87.88% (y-
rays+EMS) and 84.07%-94.07% (y-rays+MMS) in var. minor whereas the 
heritability estimates were 82.00%-89.31% (EMS), 83.08%-90.51% (y-rays) 
84.44%-88.55% (MMS), 78.72%-82.86% (y-rays+EMS) and 8L88%-84.44% 
(y-rays+MMS) in var. major. The maximum heritability was 94.52% in 0.2% 
EMS and 90.51% at 30kR y-rays in var. minor and var. major respectively. 
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Plate LXVI 
Fig.426 Bushy mutant with more number of llovvers (0.02% MMS). 
Fig.427 Mutant with thick branches arid altered arrangement of leaves (0.2% 
EMS) 
Fig.428 Tall mutants with more flowers, foliage and thick and long pods 
(0.1% EMS). 
Fig.429 Mutant with more {lowers inflorescence and altered arrangement of 
leaflets (0.2% EMS). 
Plate LXVI 
Plate LXVII 
I'ig.430 Tall nuitanl with more leaves and broad leaves (IOkRt-0.2% EMS). 
Fig.431 Dwarf mutant (20kR+0.02% MMS). 
Fig.432 Dwarf mutant (20kR+0.03% MMS). 
Fig.433 Dwarf mutant (20kR+0.3% EMS). 
Plate LXVII 
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Plates LXVIII-LXXI : Isolated strains of var. minor in M3 
generation. 
Plate LXVIII 
Fig.434 Control plant. 
Fig.435 High yielding tall bushy mutant (Minor-A, 0.1 % EMS). 
Fig.436 High yielding tall mutant (Minor-B, 0.2% EMS). 
Fig.437 High yielding mutant (Minor-C, lOkR gamma rays). 
Plate LXVIII 
Plate LXIX 
Fig.438 High yielding tall mutant (Minor-D, 20kR gamma rays). 
Fig.439 High yielding bushy mutant (Minor-E, 0.03% MMS). 
Fig.440 High yielding bushy mutant (Minor-F, 0.01% MMS). 
Fig.441 High yielding tall mutant (Minor-G, 30kR gamma rays). 
Plate LXIX 
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Plate LXX 
Fig.442 High yielding tall mutant (Minor-IK 0.02% MMS). 
Fig.443 High yielding tall mutant (Minor-I, 0.3% EMS). 
Fig.444 High yielding semi-dwarf mutant (Minor-J. 1 OkR ) 0.1 % UMS). 
Fig.445 High yielding mutant (Minor-K, 20kR+0.3% EMS). 
Plate LXX 
Plate LXXI 
Fig.446 High yielding mutant with long pods (Minor-L, lOkR+0.0.2% 
MMS). 
Fig.447 High yielding mutant with long pods (Minor-M, lOkR+0.01% 
MMS). 
Fig.448 High yielding tall mutant (Minor-N, 20kRH 0.2% RMS). 
Fig.449 High yieldmg long and tall mutant (Minor-0, 0.3% EMS). 
Plate LXXI 
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Plates LXXIT-LXXV : Isolated strains of var. major in M3 
generation. 
Plate LXXIl 
Fig.450 Control plant. 
Fig.451 Mutant with long pods and bold seeds (Major-A, 0.1% EMS). 
Fig.452 Mutant with long pods and bold seeds (Major-B, 0.2% EMS). 
Fig.453 Bushy high yield mutant (Major-C, lOkR gamma rays). 
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Plate LXXIll 
Fig.454 High yielding mutant with long pods and bold seeds (Majoi D, 
20k.R gamma rays). 
Fig.455 Mutant with long pods and bold seeds (Major-E, 0.03% MMS). 
Fig.456 High yielding tall mutant (Major-F, 0.01% MMS). 
Fig.457 High yielding mutant with long pods and bold seeds (Major-G, 
30kR gamma rays). 
Plate LXXIII 
Plate LXXIV 
Fig.458 I ligh yielding mutant with bold seeds (Major-l 1, 0.02% MMS). 
l'ig.459 High yielding mutant with long pods and bold seeds (Major-I, 0.3% 
EMS). 
Fig.460 High yielding mutant with thick pods and bold seeds (Major-J, 
10kR+0.1%EMS). 
Fig.461 Fligh yielding mutant with long pods and bold seeds (Major-K, 
20kR+0.3% EMS). 
Plate LXXIV 
Plate LXXV 
Fig.462 High yielding mutant with long pods and bold seeds (Major-L, 
10kR+0.02%MMS). 
Fig.463 High yielding mutant with long pods and bold seeds (Major-M, 
10kR+0.01%MMS). 
Fig.464 High yielding mutant (Major-N, 20kR+0.2% FMS). 
l'ig.465 Mutant with long pods and bold seeds (Major-O, 0.3% FMS). 
Plate LXXV 
Plates LXXVI-LXXX : Pods of var. minor (control) and 
isolated strains in M3 generation. 
Plate LXXVI 
Fig.466 a) Control pods, b) Mutant pods of Minor-A. 
Fig.467 a) Control pods, b) Mutant pods of Minor-B. 
l'ig.468 a) Control pods, b) Mutant pods of Minor-C. 
Plate LXXVI 
The range of GA estimates were 45.86%-64.30% (EMS), 44.14%-
73.11% (y-rays), 61.25%-72.94% (MMS), 48.58%-64.90% (y-rays+EMS) and 
59.21%-? 1.97% (y-rays+MMS) in var. minor, while the range of GA estimates 
were 46.75%-64.92% (EMS), 57.87%-68.51% (y-rays), 55.86%-62.61% 
(MMS), 52.22%-60.55% (y-rays+EMS) and 63.53%-63.66% (y-rays+MMS) 
in var. major. The maximum GA was 73.11% and 68.51% at 30kR y-rays in 
var. minor and var. major respectively. 
In general, the individual mutagenic treatments induced more positive 
shift in mean values than the combined treatments. Moreover, the lower doses 
of individual and combined treatments induced more positive shift in mean 
than the intermediate doses of individual combined mutagenic treatments. The 
genetic parameters viz., genotypic coefficient of variability, heritability in 
broad sense and genetic advance increased in M3 over M2 in most of the 
treatments. 
8. Pod length (cm) 
The mean values, shift in mean and various genetic parameters for pod 
length in the M3 generation of both the varieties are shown in the Tables 80 and 
81. 
The shift in mean for pod length increased significantly (P>0.01, 0.05) 
both in individual and combined mutagenic treatments with some exceptions in 
both the varieties. The range of shift in mean of pod length was 0.93-1.10 
(EMS), 0.70-0.86 (y-rays), 0.43-0.60 (MMS), 0.43-0.63 (y-rays+EMS) and 
0.33-0.36 (y-rays+MMS) in var. minor, whereas the range of shift in mean was 
1.01-1.17 (EMS), 0.64-0.91 (y-rays), 0.64-0.80 (MMS), 0.54-0.84 (y-
rays+EMS) and 0.28-0.61 (y-rays+MMS) in var. major. The maximum shift in 
mean was 1.10 and 1.17 in 0.1% of EMS in var. minor and var. major 
respectively. 
All the genetic parameters continued to increase fiirther in M3 in all the 
treatments over M2. The range of GCV was 20.13%-22.27% (EMS), 20.83%-
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22.69% (y-rays), 19.87%-21.33% (MMS), 18.39%-21.75% (y-rays+EMS) and 
l6.80%-22.37% (y-rays+MMS) in var. minor, while the range of GCV was 
15.94%-18.71% (EMS), 16.80%-22.29% (y-rays), 20.10%-30.17% (MMS), 
17.52%--22.61% (y-rays+EMS) and 21.05%-30.70% (y-rays+MMS) in var. 
major. 
The heritability and genetic advance further showed improvement in M3 
over M2. The range of heritability estimates was 67.15%-78.82% (EMS), 
68.91%-74.50% (y-rays), 61.09%-67.52% (MMS), 56.52%~74.13% (y-
rays+EMS) and 49.53%-65.23% (y-rays+MMS) in var. minor, whereas the 
heritability estimates were 81.31%-88.20% (EMS), 76.58%-84.77% (y-rays) 
82.54%-88.61% (MMS), 65.94%-80.00% (y-rays+EMS) and 75.53%-86.40% 
(y-rays+MMS) in var. major. The maximum heritability was 78.82% in 0.2% 
EMS and 88.61% in 0.01% MMS in var. minor and var. major respectively. 
The range of GA estimates were 43.56%-52.37% (EMS), 45.38%-
51.44% (y-rays), 40.90%-45.82% (MMS), 36.24%-49.38% (y-rays+EMS) and 
30.60%-47.52% (y-rays+MMS) in var. minor, while the range of GA estimates 
were 39.87%-59.34% (EMS), 38.73%-53.12% (y-rays), 34.31%-52.98% 
(MMS), 37.56%-53.37% (y-rays+EMS) and 48.44%-69.85% (y-rays+MMS) 
in var. major. The maximum genetic advance was 52.37% in 0.2% EMS and 
69.85% at 20kR+0.03% MMS in var. minor and var. major respectively. 
In general, the individual mutagenic treatments caused considerable shift 
in mean values than the combined mutagenic treatments. Moreover, the lower 
doses of individual and combined mutagenic treatments induced more positive 
shift in mean than the intermediate doses of both individual and combined 
mutagenic treatments in both the varieties. The genetic parameters viz., 
genotypic coefficient of variability, heritability in broad sense and genetic 
advance increased in M3 over M2 in most of the treatments. 
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9. Pod girth (cm) 
The mean values, shift in mean and various genetic parameters for pod 
girth (cm) in the M3 generation of both the varieties are shown in the Tables 82 
and 83. 
The mean pod girth increased significantly (P>0.01, 0.05) in almost all 
the treatments in both the varieties. The mean pod girth increased considerably 
in M3 over M2. The range of shift in mean of pod girth was 0.83-0.97 (EMS), 
0.76-0.83 (Y-rays), 0.60-0.77 (MMS), 0.67-1.03 (y-rays+EMS) and 0.23-0.43 
(y-rays+MMS) in var. minor, while it ranged from 0.87-1.13 (EMS), 0.73-0.77 
(y-rays), 0.70-0.87 (MMS), 0.57-0.77 (y-rays+EMS) and 0.50-0.70 (y-
rays+MMS) in var. major. The maximum shift in mean was 1.03 at 20kR+0.3% 
EMS and 1.13 in 0.1% of EMS in var. minor and var. major respectively. 
All the genetic parameters continued to increase further in M3 
generation over M2 generation. The range of GCV was 16.67%-17.33% 
(EMS), 17.04%-19.29% (y-rays), 16.65%-18.18% (MMS), 17.87-23.65% (y-
rays+ EMS), 16.64%-24.58% (y-rays+MMS) in var. minor, whereas, the range 
of GCV was 19.88%-23.31% (EMS), 25.32%-27.19% (y-rays), 19.48%-
22.44% (MMS), 20.21%-26.59% (y-rays+EMS) and 21.74%-23.89% (y-
rays+MMS) in var. major. The maximum GCV was 24.58% at lOkR+0.01% 
MMS and 27.19% at lOkR y-rays in var. minor and var. major respectively. 
The heritability and genetic advance continued to increase in M3 
generation over Ma in all the treatments. The range of heritability estimates was 
58.99%-71.77% (EMS), 48.09%-65.60% (y-rays), 45.74%-70.64% (MMS) 
42.98%-56.55% (y-rays+EMS) and 52.34%-77.90% (y-rays+MMS) in var. 
minor while the range of heritability estimates was 52.17%-85.58% (EMS), 
56.33%-72.07% (y-rays), 48.91%-58.91% (MMS), 56.96%-72.17'}'o (y-
rays+EMS) and 54.21%-73.32% (y-rays+MMS) in var. major. The maximum 
heritability estimates was 77.90% at lOkR+0.01% MMS and 85.58% in 0.1% 
EMS in var. minor and var. major respectively. 
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The range of GA estimates were 33.85%-38.57% (EMS), 28.45%-
41.41% (Y-rays), 32.62%-38.328% (MMS), 30.99%-46.35% (y-rays+EMS) 
and 31.46%-59.41% (y-rays+MMS) in var. minor, whereas the values of GA 
were 37.79%-51.84% (EMS), 49.96%-58.93% (y-rays), 37.61%-42.29% 
(MMS), 40.34%-59.26% (y-rays+EMS) and 42.00%-46.92% (y-rays+MMS) 
in var. major. The maximum GA was 59.41% at 20kR+0.03% MMS and 
59.26% at 20kR + 0.3% EMS in var. minor and var. major respectively. 
In general, the individual mutagenic treatments induced more positive 
shift in mean values than the combined mutagenic treatments. Moreover, the 
lower doses of individual and combined treatments induced more positive shift 
in mean than the combined treatments. The genetic parameters viz., genotypic 
coefficient of variability, heritability in broad sense and genetic advance 
increased in M3 over M2 in most of the treatments. 
10. Seed weight (g) 
The mean values, shift in mean and various genetic parameters for seed 
weight (g) in the M3 generation of both the varieties are shown in the Tables 84 
and 85. 
The mean 100-seed weight (g) increased significantly (P>0.05) in 
several selected treatments as compared to control in both the varieties. The 
range of shift in mean was 5.80-6.06 (EMS), 3.50-3.80 (y-rays), 3.10-3.63 
(MMS), 2.53-3.00 (y-rays+EMS), 2.46-2.70 (y-rays+MMS) in var. minor, 
whereas the range of shift in mean was 4.06-5.16 (EMS), 2.43-3.90 (y-rays), 
2.03-^.43 (MMS), 1.53^.13 (y-rays+EMS) and 0.56-3.20 (y-rays+MMS) in 
var. major. The maximum shift in mean was 6.06 in 0.2% EMS and 5.16 in 
0.1% EMS in var. minor and var. major respectively. 
All the genetic parameters were quite high in the treated population as 
compared to controls, the range of GCV was 6.50%-7.21% (EMS), 7.76%-
9.58% (y-rays), 7.82%-16.51% (MMS), 7.49%-10.00% (y-rays+EMS), 
7.30%-9.45%) (y-rays+MMS) in var. minor, while the range of GCV was 
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14.86%-16.50% (EMS), 6.61%-16.13% (y-rays), 10.37%-14.61% (MMS), 
7.58%-13.60% (Y-rays+EMS) and 7.79%-14.69% (y-rays+MMS) in var. 
major. The maximum GCV was 10.56% in 0.03% MMS and 16.50% in 0.3% 
EMS in var. minor and var. major respectively. 
Tlic heritability and genetic advance showed considerable increase in 
treated population over M2. The range of heritability estimates were 52.52%)-
60.35% (EMS), 59.97%-75.48%) (y-rays), 54.82%-90.16%o (MMS), 50.48%-
62.48% (y-rays+EMS) and 45.90%)-64.90%) (y-rays+MMS) in var. minor, 
while the heritability estimates were 71.67%-87.01% (EMS), 60.33%-72.78% 
(y-rays), 63.86%-87.00%) (MMS), 44.64%-83.76% (y-rays+EMS) and 
45.98%-88.73% (y-rays+MMS) in var. major. The maximum heritability 
estimates were 90.16% in 0.01% MMS and 88.73% at lOkR+0.01% MMS in 
var. minor and var. major respectively. 
The range of GA estimates were 12.42%-14.67% (EMS), 15.86%-
21.84% (y-rays), 15.38%-41.34% (MMS), 13.88%-20.69% (y-rays+EMS) and 
13.07%)-20.15%) (y-rays+MMS) in var. minor, whereas the genetic advance 
estimates were 36.57%-38.15% (EMS), 13.49%-36.43% (y-rays), 2r.92%-
35.98% (MMS), 13.47%-32.95% (y-rays+EMS) and 12.47%-36.67% (y-
rays+M^/[S) in var. major. The maximum estimates of GA were 41.34%) in 
0.01%) MMS and 38.15% in 0.2% EMS in var. minor and var. major 
respectively. 
In general, the individual combined mutagenic treatments induced more 
positive shift in mean values than the combined mutagenic treatments. 
Moreover, the lower doses of individual and combined treatments induced 
more positive shift in mean than the intermediate doses in individual and 
combined treatments in both the varieties. The genetic parameters i.e., 
genotypic coefficient of variability, heritability in broad sense and genetic 
advance increased in M3 over M2 in most of the treatments. 
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11. Total yield per plant (g) 
The mean values, shift in mean and various genetic parameters for total 
yield per plant (g) in the M3 generation of both the varieties are shovm in the 
Tables 86 and 87. 
A very significant increase (P>0.01, 0.05) in the mean plant yield was 
observed in all the selected treatments in both the varieties. The range of shift 
in mean was 3.43-4.00 (EMS), 3.00-3.23 (y-rays), 2.73--3.07 (MMS), 2.73-
3.90 (y-rays+EMS) and 2.33-2.67 (y-rays+MMS) in var. minor, whereas the 
range of shift in mean was 4.00-4.33 (EMS), 3.00-3.84 (y-rays), 2.84-3.34 
(MMS), 2.60-3.34 (y-rays+EMS) and 2.00-2.34 (y-rays+MMS) in var. major. 
The maximum shift in mean was 4.00 and 4.33 in 0.1% EMS in var. minor and 
var. major respectively. 
All the genetic parameters were quite high in the mutagenic treatments 
as compared to controls. The range of GCV was 13.55%-15.25% (EMS), 
12.77%-14.38% (y-rays), 12.90%-14.91% (MMS), 10.34%-13.83% (y-
rays+EMS) and 14.57%-14.99% (y-rays+MMS) in var. minor while it ranged 
between 10.44%-13.00% (EMS), 10.59%-10.87% (y-rays), 9.15%-10.79% 
(MMS), 10.74%-12.94% (y-rays+EMS) and 10.14%-10.77% (y-rays+MMS) 
in var. major. The maximum GCV was 15.25% in 0.3% EMS and 13.00% at 
0.1% EMS in var. minor and var. major respectively. 
The heritability and genetic advance continued to increase in M3 over 
M2 in all the selected treatments. The range of heritability estimates was 
61.36%-70.23% (EMS), 55.25%-63.52% (y-rays), 55.66%-67.81% (MMS), 
44.70%-66.14% (y-rays+EMS) and 64.09%-67.49% (y-rays+MMS) in var. 
minor, while the range of heritability estimates was 63.14%-83.99% (EMS), 
62.99%-66.52% (y-rays), 51.05%-62.25% (MMS), 58.29%-70.32% (y-
rays+EMS) and 62.63%-65.10% (y-rays+MMS) in var. major. The maximum 
heritability estimates were 70.23% in 0.3% EMS and 83.99% in 0.1% EMS in 
var. minor and var. major respectively. 
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The range of GA was 27.87%-33.68% (EMS), 29.80%-29.99% (y-
rays), 25.54%-32.54% (MMS) 18.34%-31.03% (y-rays+EMS) and 30.78%-
32.31% (y-rays+MMS) in var. minor, whereas the range of GA was 18.73%-
31.45% (EMS), 22.18%-22.89% (y-rays), 17.22%-22.38% (MMS), 21.54%-
28.49% (y-rays+EMS) and 21.54%-22.66% (y-rays+MMS) in var. major. The 
maximum GA estimates were 33.68% in 0.3% EMS and 31.45% in 0.1% EMS 
in var. minor and var. major respectively. 
In general, the individual mutagenic treatments induced more positive 
shift in mean values than the combined treatments^ Moreover, the lower doses 
of both individual and combined treatments induced more positive shift in 
mean than the intermediate doses of individual and combined treatments in 
both the varieties. The genetic parameters viz., genotypic coefficient of 
variability, heritability in broad sense and genetic advance increased in M3 over 
M2 in most of the treatments. 
12. Number of leaves per plant 
The mean values, shift in mean and various genetic parameters for 
number of leaves per plant in the M3 generation of both the varieties are shown 
in the Tables 88 and 89. 
The mean number of leaves per plant showed significant increase 
(P>0.01, 0.05) in the M3 in all the selected treatments over M2. The range of 
shift in mean was 6.50-7.67 (EMS), 5.67-6.00 (y-rays), 5.18-5.33 (MMS), 
4.17-4.83 (y-rays+EMS), 3.67-4.16 (y-rays+MMS) in var. minor, while the 
range of shift in mean was 6.50-7.00 (EMS), 6.16-6.33 (y-iays), 5.83-6.00 
(MMS), 5.16-5.50 (y-rays+EMS) and 4.16-5.33 (y-rays+MMS) in var. major. 
The maximum shift in mean was 7.67 and 7.00 in 0.1% EMS in var. minor and 
var. major respectively. 
The genetic parameters showed considerable increase in M3 over M2. 
The range of GCV was 10.12%-! 1.33% (EMS), 11.07%-! 1.53% (y-rays), 
10.08%-10.52% (MMS), 9.91%-10.42% (y-rays+EMS), !0.37%-!3.40% (y-
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rays+MMS) in var. minor, wliiie the range orOCV was 9.26%-10.03% (EMS), 
9.55%-11.62% (Y-rays), 9.69%-11.07% (MMS), 9.52%-11.28% (y-
rays+EMS) and 9.05%-9.81% (y-rays+MMS) in var. major. The maximum 
GCV estimates were 13.40% at 20kR+0.03% MMS and 11.62% at 30kR y-rays 
in var. minor and var. major respectively. 
The heritabiUty and genetic advance continued to increase in M3 over 
M2 in all the selected treatments. The range of heritability estimates was 
60.60%-^7.40% (EMS), 61.48%-65.95% (y-rays), 54.72%-57.96% (MMS), 
53.33%-56.17% (y-rays+EMS), 54.10%-64.79% (y-rays+MMS) invar, minor, 
whereas the range of heritability estimates was 71.94%-79.79% (EMS), 
74.28%-85.58% (y-rays), 80.59%-84.18% (MMS), 78.84%-88.80% (y-
rays+EMS), 74.37%-8t.56% (y-rays+MMS) in var. major. The maximum 
heritability was 67.40% in 0.2% EMS and 88.80% at lOkR+0.2% EMS in var. 
minor and var. major respectively. 
The range of GA estimates was 20.95%-24.40% (EMS), 22.72%-
24.73% (y-rays), 21.14%-20.89% (MMS), 19.54%-19.95% (y-rays+EMS), 
19.11%-25.12% (y-rays+MMS) in var. minor, while the range of genetic 
advance was 20.47%-23.27% (EMS), 21.64%-28.20% (y-rays), 22.50%-
26.77% (MMS), 22.55%-27.79% (y-rays+EMS) and 20.50%-23.10% (y-
rays+MIVlS) in var. major. The maximum values of GA were 25.12% at 
19kR+0.02%o MMS and 28.20% at 30kR y-rays in var. minor and var. major 
respectively. 
In general, the individual mutagenic treatments induced maximum 
positive shift in mean values than the combined treatments. Moreover, the 
lower doses of individual and combined mutagenic treatments were more 
effective in altering the mean than the intermediate doses of individual and 
combined treatments. The genetic parameters viz., genotypic coefficient of 
variability, heritability in broad sense and genetic advance increased in M3 over 
M2 in most of the treatments. 
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4.4 HIGH YIELDING MUTANTS 
The details of mutants isolated on the basis of their yield performance in 
M3 as compared to their parents are given in the Tables 90 and 91. 
Since yield per plant is the most dependable character, certain mutants 
which were distinctly much superior as compared to others with respect to seed 
yield per plant were selected in the M2 generation. Some of these mutants were 
morphologically quite distinct especially with regard to seed size, seed shape, 
seed coat colour and pod size, whereas others were more or less similar to their 
respective controls. All these mutants were raised in progeny rows in M3 
generation and were evaluated not only for the seed yield but also for their 
quantitative characters. 
4.4.1 Cytological studies in isolated strains 
The cytological study of isolated strains of var. minor and var, major 
showed almost all the chromosomal aberrations, but in very low frequency. 
Representative cytological features of isolated strains of both the varieties are 
shown in Plates XXHI-XXV (Figs. 247-284). 
4.4.1.1 Meiotic studies in strains isolated from var. minor 
Most of the chromosomal aberrations observed in treated population of 
Viciafaba L. in Mi, M2 and M3 generations were also observed in the strains 
isolated from var. minor but the frequency of these chromosomal aberrations 
was comparatively very less than the frequency of chromosomal aberrations 
observed in treated population of Mi, M2 and M3 generations (Table 92, Graph 
10). 
1. Minor A: Minor A showed univalents (0.36%), multivalents (0.54%), 
stickiness (0.73%) and precocious separation (0.18%) at metaphase-I/II, 
while the non-orientation of chromosomes and fragments were absent. 
Bridges (0.36%), non-disjunction and cytomixis (0.18%), were found, 
whereas unequal separation was absent at anaphase-I/II. At telophase 
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stages, only disturbed polarity (0.36%) and multinucleate condition 
(0.18%) were observed. Micronuclei and cytomixis were absent. 
2. Minor B: Minor B showed univalents and multivalents (0.35%), 
stickiness (0.89%) and non-orientation of bivalents (0.17%) at 
metaphase stages, while the precocious separation and fragments were 
absent. Anaphase stages showed bridges (0.35%), non-disjunction and 
cytomixis (0.17%), while unequal separation was absent. Telophase 
stages showed disturbed polarity (0.35%) and multinucleate condition 
(0.17%). Micronuclei and cytomixis were absent. 
3. Minor C: Minor C showed univalents (0.18%), multivalents (0.55%) 
stickiness (0.91%), precocious separation, non-orientation of bivalents 
and fragments (0.18%). At anaphase stages laggards (0.18%), bridges 
(0.55%) unequal separation and cytomixis (0.18%)) were observed. Non-
disjunction was absent. At telophase stages disturbed polarity (0.36%)), 
micronuclei and cytomixis (0.18%) were found, whereas multinucleate 
condition was absent. 
4. Minor D: Minor D showed univalents (0.55%), multivalents (0.18%)), 
stickiness (1.10%) and non-orientation of bivalents (0.36%), whereas 
precocious separation and fragments were absent at metaphase stages. 
At anaphase stages bridges (0.36%), non-disjunction (0.18%) and 
cytomixis (0.36%) were observed, unequal separation was not found. At 
telophase stages, disturbed polarity (0.55%) and micronuclei (0.18%) 
were found, v/hiie multinucleate condition and cytomixis were not 
observed. 
5. Minor E: Minor E showed univalents and multivalents (0.37%), 
stickiness (0.74%) and non-orientation of bivalents and fragments 
(0.18%) at metaphase stages, while precocious separation was absent. At 
anaphase I/II laggards, bridges, unequal separation and cytomixis 
(0.18%) were found, whereas non-disjunction was absent. At telophase 
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stages disturbed polarity, multinucleate condition (0.18%), and 
cytomixis (0.37%) were obsei-ved, while micronuclei were absent. 
6. Minor F: Minor F showed univalents (0.18%), multivalents (0.54%), 
stickiness (0.91%), precocious separation, non-orientation of bivalents 
and fragments (0.18%) at metaphase stages. At anaphase stages, bridges 
(0.54%), non-disjimction (0.18%), cytomixis (0.37%) were found, while 
laggards and unequal separation were absent. At telophase stages only 
the multinucleate condition and disturbed polarity (0.18%), were 
observed, while micronuclei and cytomixis were absent. 
7. Minor G: Minor G showed univalents (0.54%)), multivalents (0.18%), 
stickiness (1.09%), precocious separation (0.36%) at metaphase I/II, 
whereas non-orientation of bivalents and fragments were absent. 
Anaphase stages showed only bridges (0.54%») and cytomixis (0.36%), 
while unequal separation and non-disjunction were absent. At telophase 
I/II, disturbed polarity (0.36%), cytomixis (0.36%) and micronuclei 
(0.18%)) were observed, while multinucleate condition was absent. 
8. Minor H: Minor H showed univalents (036%), multinucleate condition 
(0.54%)), stickiness (0.72%), non-orientation of bivalents and fragments 
(0.18%)) at metaphase-I/II, whereas precocious separation of bivalents 
was absent. At anaphase-I/II, laggards (0.18%)), unequal separation, non-
disjunction, cytomixis (0.18%) and bridges (0.36%)) were found. At 
telophase I/II, disturbed polarity (0.36%) and micronuclei (0.18%) were 
observed, while multinucleate condition and cytomixis were absent. 
9. Minor I: Minor I showed univalents (0.17%), multinucleate condition 
(0.53%)), stickiness (0.89%) and non-orientation of bivalents (0.35%) at 
metaphase-I/II, while precocious separation and fragments were absent. 
At anaphase-I/II, bridges and non-disjunction (0.17%) and cytomixis 
(0.35%) were found, while laggards and unequal separation were absent. 
At telophase-I/II, only disturbed polarity (0.35%) and cytomixis (0.17%) 
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were observed, while micronuclei and multinucleate condition were 
absent. 
10. Minor J; Minor J showed univalents (0.17%), multinucleate condition 
(0.35%), stickiness (1.07%) and non-orientation of bivalents (0.17%) at 
metaphase-I/II, while precocious separation and fragments were absent. 
At anaphase-I/II, laggards, bridges, non-disjunction of chromosomes 
(0.17%) and cytomixis (0.35%) were observed, while unequal separation 
was absent. At telophase-I/II, disturbed polarity, micronuclei and 
cytomixis (0.17%) were found, while multinucleate condition was 
absent. 
11. Minor K: Minor K showed univalents (0.37%), multivalents (0.18%), 
stickiness (0.92%), precocious separation and non-orientaton of 
bivalents (0.18%) at metaphase stages, while fragments were absent. At 
anaphase I/II, bridges (0.55%), non-disjunction and cytomixis (0.18%) 
were observed, while laggards and unequal separation were absent. At 
telophase I/II, disturbed polarity (0.37%) and multinucleate condition 
(0.18%) were observed, whereas micronuclei and cytomixis were 
absent. 
12. Minor L: Minor L showed univalents and precocious separation 
(0.37%), multinucleate condition and stickiness (0.74%), non-
orientation of bivalents and fragments (0.18%) at metaphase stages. At 
anaphase stages, bridges and cytomixis (0.37%), unequal separation 
(0.18%) were found, whereas non-disjunction was absent. At telophase 
stages disturbed polarity and cytomixis (0.37%), micronuclei and 
multinucleate condition (0.18%) were observed. 
13. Minor M: Minor M showed univalents, multinucleate condition, 
stickiness (0.57%), precocious separation (0.19%) and non-orientation 
of bivalents (0.38%) at metaphase stages, while fragments were absent. 
At anaphase stages, bridges and cytomixis (0.38%), unequal sepai'ation 
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Plates X-XVI, Figs. 103-192, M2 generation. 
Plate X 
Fig. 103 PMC showing two stray bivalents at metaphase-I (var. minor, 0.1% 
EMS). 
Fig. 104 PMC showing disturbed metaphase-I (var. minor, 0.2% EMS). 
Fig. 105 PMC showing l'^ and 4" at metaphase-I (var. major, lOkR gamma 
rays). 
Fig. 106 PMC showing secondary association at metaphase-I (var. major, 
20kR gamma rays). 
Fig. 107 PMC showing l'"^  and 4" at metaphase-I (var. minor, 0.02% MMS). 
Fig. 108 PMC showing 1^', l'"^  and l" at metaphase-I (var. minor, 0.03% 
MMS). 
Fig. 109 PMC showing 1 '^ and 4" at metaphase-I (var. major, 0.3% EMS). 
Fig.110 PMC showing l'^ and 4" at metaphase-I (var. major, 301cR gamma 
rays). 
Fig.lll PMC showing stickiness of two bivalents and four separate 
bivalents at metaphase-I (var. minor, 20kR+0.1%) EMS). 
Fig. 112 PMC showing 1^ and 2* at metaphase-I (var. minor, 20kR+0.02% 
MMS). 
Fig. 113 PMC showing stickiness of 4 bivalents and 2 separate bivalents at 
metaphase-I (var. major, 30kR gamma rays). 
Fig. 114 PMC showing secondai7 association at metaphase-l (var. major, 
20kR gamma rays). 
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Plate XI 
Fig. 115 PMC showing stickiness at metaphase-I (var. minor, 20kR+0.03% 
MMS). 
Fig.116 PMC showing one stray bivalent at metaphase-I (var. minor, 30kR 
gamma rays). 
Fig. 117 PMC showing l"^ '" and two stray bivalents at metaphase-I (var. 
major, 0.02% MMS). 
Fig.l 18 PMC showing l'"^  and 4" at metaphase-I (var. major, 0.1% EMS). 
Fig. 119 PMC showing l'^', 3" and 2 fragments at metaphase-1 (var. minor, 
0.03% MMS). 
I'ig. 120 PMC showing secondary association at metaphase-I (var. minor, 
20kR gamma rays). 
Fig. 121 PMC showing 1''^  and 4" at mctaphasc-1 (var. major, lOkR gamma 
rays). 
Fig. 122 PMC showing l'", 1^  and 2" at metaphase-1 (var. major, 20kR 
gamma rays). 
Fig. 123 PMC showing stickiness of two bivalents and one octavalents at 
metaphase-I (var. minor, lOkR+0.1% EMS). 
Fig. 124 PMC showing secondary association at metaphase-I (var. minor, 
20kR+0.2% EMS). 
Fig. 125 PMC showing l'^ and 4" at metaphase-I (var. major, lOkR+0.2% 
EMS). 
Fig. 126 PMC showing l'"^  and 4" at metaphase-I (var. major, 20kR+0.3% 
EMS) 
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Plate XII 
Fig. 127 PMC showing one stray bivalent at metaphase-I (var. minor, lOkR 
gamma rays). 
Fig. 128 PMC showing stickiness at metaphase-I (var. minor. 0.01% MMS). 
Fig. 129 PMC showing stickiness at metaphase-I (var. major, 0.1% EMS). 
Fig. 130 PMC showing stickiness at metaphase-I (var. major, 0.02% MMS). 
Fig.131 PMC showing stickiness at metaphase-I (var. minor, 0.3% EMS). 
Fig. 132 PMC showing stickiness and fragments at metaphase-I (var. minor, 
20kR gamma rays). 
Fig.133 PMC showing stickiness at metaphase-I (var. major, lOkR+0.1% 
EMS). 
Fig. 134 PMC showing stickiness at metaphase-I (var. major, 20kR+0.3% 
EMS). 
Fig. 135 PMC showing one stray bivalent at mctaphasc-I (var. minor, 
10kR+0.2%EMS). 
Fig. 136 PMC showing one stray bivalent at metaphase-I (var. minor, 
20kR+0.03% MMS). 
Fig. 137 PMC showing one stray bivalent at metaphase-1 (var. major, 
20kR-(-0.3% EMS). 
Fig. 138 PMC showing stickiness at metaphase-I (var. major, 30kR gamma 
rays). 
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Plate XIII 
Fig. 139 PMC showing one stray bivalent at metaphase-I (var. minor, 0.02% 
MMS). 
Fig. 140 PMC showing one stray bivalent and fragments at metaphase-I (var. 
minor, 0.01% MMS). 
Fig. 141 PMC showing one stray bivalent at mctaphasc-I (var. major, 0.1% 
EMS). 
Fig. 142 PMC showing one stray bivalent at metaphase-I (var. major, 0.2% 
EMS). 
Fig. 143 PMC showing one stray bivalent at metaphase-I (var. minor, 30kR 
gamma rays). 
I'ig. 144 PMC showing one stray bivalent at metaphase-I (var. minor, 20kR 
gamma rays). 
Fig. 145 PMC showing stickiness of chromosomes into two groups at 
metaphase-I (var. major, 0.3% EMS). 
Fig. 146 PMC showing single bridge at anaphase-I (var. major. 0.03% 
MMS). 
Fig. 147 PMC showing a bridge and laggards at anaphase-I (var. minor, 
10kR+0.1%EMS). 
Fig. 148 PMC showing unequal separation and laggards at anaphase-I (var. 
minor, lOkR+0.2% EMS). 
Fig. 149 PMC showing bridges and laggards at anaphase-I (var. major, 
20kR+0.3% EMS). 
Fig. 150 PMC showing bridges and laggards at anaphase-I (var. major, 
20kR+0.03% MMS). 
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Plate XIV 
Fig. 151 PMC showing single bridge at anaphase-! (var. minor, 0.02% 
MMS). 
Fig. 152 PMC showing single bridge at telophase-I (var. minor, 0.3% EMS). 
Fig. 153 PMC showing bridge at telophase-I (var. major, 0.2% EMS). 
Fig. 154 PMC showing bridge at telophase-I (var. major, 0.01% MMS). 
Fig. 155 PMC showing stickiness at metaphase-II (var. minor, lOkR gamma 
rays). 
Fig. 156 PMC showing stickiness and fragmentation at metaphase-ll (var. 
minor, 20kR gamma rays). 
Fig. 157 PMC showing fragmentation at metaphase-II (var. major, lOkR 
gamma rays). 
Fig. 158 PMC showing fragmentation at metaphase-II (var. major, 20kR 
gamma rays). 
Fig. 159 PMC showing non-synclironisation and fragmentation at anaphase-
II (var. minor, 30kR gamma rays). 
Fig. 160 PMC showing bridges at anaphase-II (var. minor, 0.3% EMS). 
Fig. 161 PMC showing bridges and fragments at anaphase-II (var. major, 
0.03% MMS). 
Fig. 162 PMC showing bridges at anaphase-II (var. major, 20kR gamma 
rays). 
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Plate XV 
Fig. 163 PMC showing bridges at anapiiase-ll (var. minor, lOkR gamma 
rays). 
Fig. 164 PMC showing disturbed polarity at anaphase-II (var. minor, 
iOkR+0.1%EMS). 
Fig. 165 PMC showing bridges and laggards at anaphase-ll (var. major, 
10kR+0.2%EMS). 
Fig. 166 PMC showing bridges and disturbed polarity at anaphase-II (var. 
major. 20kR+0.03% MMS). 
Fig. 167 PMC sliowing bridges and laggards at anaphase-ll (var. minor, 
20kR+0.3% EMS). 
Fig. 168 PMC sliowing bridges and non-synchronisation at anaphase-II (var. 
minor, 1 Oldl gamma rays). 
Fig. 169 PMC shewing non-synchronisation at anaphase-ll (var. major, 
20kR gamma rays). 
Fig. 170 PMC showing non-synchronisation at teiophase-Il (var. major, 
lOkR gamma rays). 
Fig. 171 PMC showing non-synchronisation at telopliase-II (var. minor, 
0.03% MMS). 
Fig. 172 PMC showing disturbed polarity at telophase-II (var. minor, 0.3% 
EMS). 
Fig. 173 PMC showing disturbed polarity at telophase-II (var. major, 0.1% 
EMS). 
Fig. 174 PMC showing disturbed polarity at telophase-II (var. major, 0.0 l%o 
MMS). 
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Plate XVI 
Fig. 175 Two PMCs showing cytomixis by direct fusion (var. major, lOkR 
gamma rays). 
Fig. 176 Four PMCs showing cytomixis by direct fusion and by tube (var. 
minor, 20kR gamma rays). 
Fig. 177 Four PMCs showing cytomixis by formation of tubes (var. major, 
30kR gamma rays). 
Fig. 178 Two PMCs showing cytomixis by direct fusion (var. minor, 0.2% 
EMS) 
Fig. 179 Two PMCs showing cytomixis by formation of tubes (var. major, 
0.3% EMS) 
Fig. 180 Three PMCs showing cytomixis by direct fusion (var. minor, 
10kR+0.2%EMS). 
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Plate XVII 
Figs. 181-192: Cytological features of desynaptic mutants. 
Fig. 181 PMC showing 1 ^ ^ and 4" at metaphase-I. 
Fig. 182 PMC showing 1 '^ and 4" at metaphase-l. 
Fig. 183 PMC showing 6' and 3" at metaphase-l. 
Fig. 184 PMC showing 12' at metaphase-I. 
I'ig. 18.S I'MC showing double bridge at nictaphase-I. 
Fig. 186 PMC showing unequal separation at anaphase-1. 
Fig. 187 PMC showing one stray bivalent at metaphase-I. 
Fig. 188 PMC showing stickiness at metaphase-I. 
Fig. 189 PMC showing stickiness at metaphase-I. 
Fig. 190 PMC showing stickiness at metaphase-l. 
Fig. 191 PMC showing disturbed teIophase-11. 
Fig. 192 PMC showing micronuclei at telophase-II. 
Plates LVIII-LXII : Morphological features of mutants of 
var. minor isolated in M3 generation, 
Plate LVIII 
Fig.394 Control plant. 
Fig.395 Mutant with more number of flowers (0.2% EMS). 
Fig.396 Mutant with altered leaflet arrangement (0.3% EMS). 
Fig.397 Tall mutant (0.02% MMS). 
Plate LVIIl 
Plate LIX 
Fig.398 Mutant with broad and altered arrangement of leaves (0.01% 
MMS). 
Fig.399 Bushy mutant with more number of flowers (0.02% MMS). 
Fig.400 Semi-dwarf bushy mutant with more number of flowers (lOkR 
gamma rays). 
Fig.401 Tall and bushy mutant with more number of flowers and leaves 
(20kR gamma rays). 
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Plate LX 
Fig.402 Bushy mutant with compact arrangement of leaves (0.03% MMS). 
Fig.403 Mutant with more number of flowers and elongated leaves (0.1% 
EMS). 
Pig.404 Mtitanl with more number ofnowcrs and leaves vvillt ll)ick branches 
(20kR gamma rays). 
lMg.405 Mutant with compact arrangement of leaves (1 OkR -^0.1 % EMS). 
Plate LX 
Plate LXI 
Fig.406 Tall mutant with less number of leaves (1 OkR+0.2% EMS). 
Fig.407 Mutant with thick branch more leaves and flowers (0.03% MMS). 
Fig.408 Bushy mutant with flowers and leaves (lOkR+0.01% MMS). 
Fig.409 Mutant with elongated leaflets and altered arrangement of leaves 
(0.03% MMS). 
Plate LXI 
Plate LXll 
Fig.410 Tall mutant with altered arrangement of leaves and more number of 
tlowers (20kR+0.3% EMS). 
Fig.411 Dwarf mutant (20kR+0.03% MMS). 
Fig.412 Mutant with single branch (20kR+0.3% EMS). 
I'ig.413 Dwarf mutant (30kR gamma rays), 
Plate LXII 
Plates LXIII-LXVIF : Morphological mutants ofvar. 
major isolated in M3 generation. 
Plate LXIII 
l'ig.414 Conlrol plant. 
Fig.415 Bushy dwarf mutant with broad leaflets (20kR gamma rays). 
Fig.416 Tall bushy mutant with more number of flowers and leaves 
(20kR+0.03% MMS). 
Fig.417 Bushy mutant with broad leaflets and compact leaves (lOkR+0.2% 
EMS). 
Plate LXIII 
Plate LXIV 
Fig.418 Tall bushy mutant with more leaves and flowers (lOkR gamma 
rays). 
F'ig.419 Tall bushy mutant with narrow and long leaflets (0.2% EMS). 
Fig.420 Tall bushy mutant showing more flowers and leaves with broad 
leaflets (20kR gamma rays). 
Fig.421 Tall bushy mutant with compact leaves, more flowers and broad 
leaflets (0.1% EMS). 
Plate LXIV 
Plate LXV 
Fig.422 Bushy mutant with broad leaves (lOkR gamma rays). 
Fig.423 Tall bushy mutant with more flowers and leaves (30kR gamma 
rays). 
Fig.424 Mutant with broad leaflets (20kR+0.03% MMS). 
Fig.425 Bushy mutant with more flowers and leaves (20kR gamma rays). 
Plate LXV 
Plate IX 
Fig.97 Six PMCs showing cytomixis through direct fusion and by 
formation of tubes (var. minor, 20kR gamma rays). 
Fig.98 Three PMCs showing cytomixis by direct fusion (var. major, 40kR 
gamma rays). 
Fig.99 Three PMCs siiowing cytomixis by direct fusion (var. minor, 
10kR+0.1%EMS). 
Fig. 100 Two PMCs showing cytomixis by direct fusion (var. major, 
20kR+0.02% MMS). 
Fig. 101 Two PMCs showing cytomixis by direct fusion among the two, one 
PMC showing disturbed anaphase-Il (var. minor, 0.1% EMS). 
Fig. 102 PMC showing cytomixis by direct fusion (var. major, 0.03% 
MMS). 
(0.19%) were found, while non-disjunction of cliromosomes was absent. 
At telophase stages, disturbed polarity (0.38%), micronuclei (0.19%), 
muhinucleate condition and cytomixis (0.19%) were found. 
14. Minor N: Minor N showed univalents (0.55%), multivalents (0.18%), 
stickiness, precocious separation and non-orientation of bivalents 
(0.37%) at metaphase stage, while fragments were absent. At anaphase 
stages, bridges, non disjunction of chromosomes and cytomixis (0.18%) 
were observed, while unequal separation was absent. At telophase 
stages, disturbed polarity (0.55%), multinucleate condition (0.18%) and 
cytomixis (0.37%) were observed, whereas micronuclei were absent. 
15. Minor O: Minor O showed univalents and stickiness (0.37%), 
multivalents, precocious separation, non-orientation of bivalents and 
fragments (0.18%) at metaphase stages. At anaphase stages, bridges 
(0.56%), cytomixis (0.37%), unequal separation and non-disjunction 
(0.18%) were found but laggards were absent At telophase-I/II, 
disturbed polarity (0.56%), micronuclei and multinucleate condition 
(0.18%) were found, whereas cytomixis was absent. 
In general, the Minor L showed the maximum frequency (4.81%) of 
chromosomal aberrations followed by Minor M (4.42%), Minor C (4.04), 
Minor G (4.01%), Minor D (3.87%), Minor O (3.78%), Minor F (3 66%), 
Minor H (3.61%), Minor N (3.54%), Minor K and Minor E (3.34%), Minor J 
(3.22%), Minor I (3.21%), Minor A (3.11%) and Minor B (3.03%). 
Furthermore, univalents, multivalents and stickiness at metaphase I/II, bridges 
and cytomixis at anaphase I/II and disturbed polarity at telophase I/II were 
found in all the strains, while other chromosomal aberrations such as 
precocious separation, non-orientation of bivalents, fragments, unequal 
separation, non-disjunction, micronuclei, multinucleate condition and 
cytomixis (telophase) were found in some strains but were absent in some 
~sfFains. 
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4.4.1.2 Meiotic studies in strains isolated from var. major 
Most of the chromosomal aberrations observed in treated population of 
Viciafaba L. in Mi, M2 and M3 generations were also observed in the strains 
isolated from var. major, but the frequency of these chromosomal aberrations 
was comparatively very less than the frequency of chromosomal aberrations 
observed in treated population of Mi, M2 and M3 generations (Table 93, Graph 
11). 
1. Major A: Major A showed univalents (0.54%), multivalents and 
stickiness (0.72%) , and non-orientation of bivalents (0.18%) at 
metaphase stages, while precocious separation and fragments were not 
found. At anaphase stages, bridges (0.54%), unequal separation and non-
disjunction of chromosomes (0.18%) were found, but cytomixis was 
absent. At telophase stages only disturbed polarity (0.40%) and 
multinucleate condition (0.18%) were observed, whereas micronuclei 
and cytomixis were absent. 
2. Major B: Major B showed univalents (0.40%), multivalents (0.72%), 
stickiness (0.90%), precocious separation and fragments (0.20%) at 
metaphase stages, while non-orientation of bivalents was absent. At 
anaphase stages, bridges (0.54%), unequal separation, cytomixis 
(0.20%) and non-disjunction of cliromosomes (0.40%) were found, 
while laggards were absent. At telophase stages disturbed polarity 
(0.54%) and micronuclei, multinucleate condition and cytomixis 
(0.20%) were observed. 
3. Major C: Major C showed multivalents (0.53%), stickiness (0.72%), 
precocious separation and non-orientation of bivalents (0.40%) at 
metaphase stages while univalents and fragments were absent. At 
anaphase stages, laggards (0.20%), bridges (0.72%), unequal separation 
and non-disjuncton (0.40%) were observed, while cytomixis was absent. 
At telophase stages, disturbed polarity (0.72%) and multinucleate 
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condition (0.20%) were found while micronuclei and cytomixis were 
absent. 
4. Major D: Major D showed univalents and precocious separation 
(0.20%), multivalents (0.40%) and stickiness (0.91%>) at metaphase 
stages while non-orientation of bivalents and fragments were absent. At 
anaphase stages laggards and non-disjunction of chromosomes (0.20%), 
bridges, unequal separation of chromosomes and cytomixis (0.40%) 
were observed. At telophase stages only disturbed polarity (0.54%) and 
cytomixis (0.20%) were observed, micronuclei and multinucleate 
condition were absent 
5. Major E: Major E showed univalents and multinucleate condition 
(0.54%), stickiness (0.72%), non-orientation of bivalents (0.40%) and 
fragments (0.20%) at metaphase stages, whereas precocious separation 
was not found. At anaphase stages, bridges (0.41%), unequal separation 
and non-disjunction of chromosomes (0.20%) were observed, whereas 
the cytomixis was absent. At telophase stages only disturbed polarity 
(0.40%) and micronuclei (0.20%) were found, while the multinucleate 
condition and cytomixis were absent. 
6. Major F: Major F showed univalents (0.40%), multivalents {0.12%), 
stickiness and precocious separation (0.54%) and non-orientation of 
bivalents (0.20%) at metaphase stages, whereas fragments were not 
found. At anaphase stages, laggards (0.20%)), bridges (0.54%)), imequal 
separation, non-disjunction and cytomixis (0.40%) were observed. At 
telophase stages, disturbed polarity (0.40%) and multinucleate condition 
(0.20%) were found. Micronuclei and cytomixis were absent. 
7. Major G: Major G showed univalents (0.53%), precocious separation 
(0.35%), multinucleate condition and stickiness (0.71%) and fragments 
(0.17%) at metaphase stages, while non-orientation of bivalents was not 
found. At anaphase stages, laggards, non-disjunction and cytomixis 
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(0.17%), bridges (0.53%) and unequal separation (0.35%) were found. 
At telophase stages, disturbed polarity, micronuclei, multinucleate 
condition and cytomixis (0.17%) were found. 
8. Major H: Major H showed univalents and non-orientation of bivalents 
(0.40%), multinucleate condition and stickiness (0.55%) and precocious 
separation (0.20%) at metaphase stage, whereas fragments were absent. 
At anaphase stages, laggards, unequal separation, non-disjunction and 
cytomixis (0.20%) and bridges (0.74%) were found. At telophase stages, 
disturbed polarity (0.40%), micronuclei, multinucleate condition and 
cytomixis (0.20%) were found. 
9. Major I: Major I showed univalents and multivalents (0.60%), 
stickiness (0.75%), precocious separation and non-orientation of 
bivalents (0.20%) at metaphase stages, while fragments were absent. At 
anaphase stages, laggards, unequal separation and non-disjunction 
(0.20%), bridges and cytomixis (0.40%) were found. At telophase 
stages, disturbed polarity (0.40%), micronuclei' and multinucleate 
condition (0.20%) were found, whereas cytomixis was absent. 
10. Major J: Major .T showed univalents (0.40%) multivalents (0.60%), 
stickiness (0.95%), non-orientation of bivalents and fragments (0.20%) 
at metaphase stages, whereas precocious separation was absent. At 
anaphase stages, bridges, unequal separation and non-disjunction of 
chromosomes (0.40%) and cytomixis (0.20%) were found, while 
laggards were absent. At telophase stages, disturbed polarity (0.60%), 
micronuclei and cytomixis (0.20%) were found, whereas multinucleate 
condition was absent. 
11. Major K: Major K showed multivalents and stickiness (0.38%) at 
metaphase stages, whereas univalents, precocious separation, non-
orientation of bivalents and fragments were absent. The anaphasic stages 
showed bridges, unequal separation and non-disjunction (0.19%) while 
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laggards and cytomixis were absent. The telophasic aberrations showed 
micronuclei and multinucleate condition (0.19%), whereas the disturbed 
polarity and cytomixis were absent. 
12. Major L: Major L showed univalents and multivalents (0.19%), 
stickiness (0.38%) at metaphase stages, whereas precocious separation, 
non-orientation of bivalents and fragments were absent. The anaphasic 
stages showed unequal separation (0.38%) and non-disjunction (0.19%), 
whereas bridges and cytomixis were absent. The telophasic stages 
showed disturbed polarity (0.38%), micronuclei and multinucleate 
condition (0.19%), whereas the cytomixis was absent. 
13. Major M: Major M showed multivalents, stickiness, precocious 
separation and non-orientation of bivalents (0.19%) at metaphase-I/II, 
while the fragments were absent. The anaphasic stages showed bridges, 
non-disjunction and cytomixis (0.19%) and unequal separation (0.'37%), 
while laggards were absent. The telophasic stages showed disturbed 
polarity (0.37%), micronuclei, multinucleate condition and cytomixis 
(0.19%). 
14. Major N: Major N showed univalents (0.38%), stickiness and 
precocious separation (0.18%), at metaphase stages, whereas 
multivalents, non-orientation of bivalents and fragments were absent. 
The anaphasic stages showed laggards, unequal separation, non-
disjunction and cytomixis (0.18%) while the bridges were absent. The 
telophasic stages showed disturbed polarity, multinucleate condition and 
cj'tomixis (0.18%) and micronuclei (0.38%). 
15. Major O: Major O showed multinucleate condition, stickiness (0.37%) 
and precocious separation (0-18%), whereas the univalents, non-
orientation of bivalents and fragments were absent. The anaphasic stages 
showed bridges, non-orientation of bivalents and cytomixis (0.18%) 
while the unequal separation was absent. The telophasic stages showed 
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disturbed polarity, multinucleate condition and cytomixis (0.18%) and 
micronuclei (0.37%). 
The Major B showed maximum frequency (4.72%) of chromosomal 
aberrations followed by Major F (4.70%) Major G (4.66%), Major J (4.57%), 
Major C (4.48%), Major H (4.44%), Major I (4.33%), Major D (3.83%), Major 
E (3.64%) and Major A (3.60%). The univalents, multivalents, stickiness at 
metaphase stages, bridges, unequal separation, non-disjunction of 
chromosomes at anaphase stages and disturbed polarity at telophase stages 
were regularly found in all the strains, although in very low frequency, whereas 
other chromosomal aberrations such as precocious separation, non-orientation 
of bivalents, fragments, laggards, cytomixis, micronuclei and multinucleate 
condition were occasionally found in some strains. 
4.4.2 Chiasma frequency in isolated strains 
The chiasmata frequency both decreased and increased slightly in 
isolated strains of both the varieties (Table 94 & 95). The chiasma frequency 
decreased in Minor A - Minor G and in Minor K - Minor O, while as chiasma 
frequency increased in Minor G - Minor H as compared to control (var. 
minor), while as the chiasma frequency decreased from Major A - Major. C and 
from Major D - Major F and increased from Major G - Major J as compared to 
control (var. major). The lowest chiasma frequency was 19.80 in Minor N and 
Minor O and the highest chiasma frequency was 22.40 and 23.60 in Minor H 
and Minor I respectively, while lowest was 19.60 in Major O and highest 
chiasma frequency was 23.00 in Major J. 
4.4.3 High yielding mutants in var. minor 
All the mutants selected in the M2 generation showed a very significant 
(P>0.01, 0.05) increase in average plant yield in M3 in comparison to their 
parents. 
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1) Number of fertile branches per plant 
The mean values, shift in mean and various genetic parameters for 
number of fertile branches per plant in the isolated strains of var. minor are 
shown in the Table 96. A significant increase was recorded for number of 
fertile branches per plant in isolated strains of var. minor. The maximum shift 
in mean was 12.33 in Minor A followed by 12.00 is Minor B and 11.33 in 
Minor C. The maximum GCV was 27.78 in Minor M, 27.34 in Minor N and 
27.04 in Minor K. The heritability and genetic advance showed significant 
increase. The maximum heritability was 93.06 in Minor E followed by 91.99 in 
Minor B and 90.75 in Minor A, while the lowest heritability was 64.69 in 
Minor D. The maximum GA was 63.25% in Minor K followed by 62.19% in 
Minor E and 61.77% in Minor M. 
2) Number of pods per plant 
The mean values, shift in mean and various genetic parameters for 
number of pods per plant in the isolated strains of var. minor are shown in the 
Table 97. The number of pods per plant showed significant increase over the 
parental variety. The maximum shift in mean was 32.90 in Minor L followed 
by 32.50 and 31.90 in Minor M and Minor N respectively and the lowest was 
22.54 in Minor J. The genetic parameters showed significant increase in the 
mutant strains. The highest GCV was 19.84% in Minor I followed by 18.59% 
and 18.14% in Minor J and Minor M respectively and the lowest was 13.69% 
in Minor L. The heritability and genetic advance estimates showed 
exceptionally significant increase. The maximum heritability was 93.84% in 
Minor A followed by 93.68% in Minor C and 92.51% in Minor I and the 
lowest was 77.13% in Minor K. The maximum GA was 50.08% in Minor I 
followed by 46.23% in Minor J and 45.22% in Minor H, whereas the lowest 
was 31.86%) in Minor K. 
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3) Number of seeds per pod 
The mean values, shift in mean and various genetic parameters for 
number of seeds per pod in the isolated strains of var. minor are shown in the 
Table 98. A significant increase was recorded for seeds per pod in isolated 
strains of var. minor. The maximum increase was 2.56 in Minor N followed by 
2.27 in Minor M and 1.90 in Minor J and minimum 1.23 in Minor B. The 
genetic parameters continued to show increase for this parameter also which is 
an important contributing character for total yield per plant. The maximum 
GCV was 38.12% in Minor G followed by 35.85% in Minor D and 35.16% in 
Minor E, while the lowest was 27.28% in Minor J. The heritability and genetic 
advance showed considerable increase. The maximum heritability was 93.45% 
in Minor A followed by 92.33% in Minor E and 84.77%) in Minor K and 
minimum 69.60%) in Minor H. The maximum genetic advance was 89.00% in 
Minor E followed by 85.19% in Minor D and 80.71% in Minor K, while the 
lowest value of GA was 62.46% in Minor J. 
4) Pod length (cm) 
The mean values, shift in mean and various genetic parameters for pod 
length (cm) in the isolated strains of var. minor are shown in the Table 99. A 
considerable and significant increase in pod length was obtained in different 
strains of var. minor. The maximum increase in mean shift was 2.63 in Minor 
C followed by 2.43 in Minor D and 2.33 in Minor B, whereas the lowest was 
1.23 in Minor F. The genetic parameters also showed considerable increase. 
The maximum GCV was 28.84% in Minor F followed by 27.18% in Minor I 
and 26.42% in Minor J, while minimum was 20.51% in Minor D. The 
heritability and genetic advance also showed significant increase in the selected 
strains. The maximum heritability was 89.50% in Minor C followed by 85.89% 
in Minor F and 85.71% in Minor M, while the minimum was 66.40% in Minor 
B. The maximum GA was 70.71% in Minor F followed by 64.11 in Minor G 
and 63.89 in Minor I and minimum was 46.23% in Minor A. 
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5) Pod girth (cm) 
The mean values, shift in mean and various genetic parameters for pod 
girth (cm) in the isolated strains of var. minor are shown in the Table 100. 
There was a significant increase in mean shift in different strains isolated from 
var. minor. The maximum shift in mean was 2.80 in Minor A followed by 2.70 
in Minor B and 2.53 in Minor C, while the minimum was 1.50 in Minor 0. The 
genetic parameters showed significant increase over the parent. The maximum 
GCV was 33.15% in Minor I followed by 30.99% in Minor H and 28.55% in 
Minor K, while the minimum was 19.24% in Minor C. The heritability and 
genetic advance showed significant increase for this parameter. The maximum 
heritability was 93.22% in Minor A followed by 91.32% in Minor B and 
90.43% in Minor D, whereas the minimum was 76.33% in Minor L. The 
maximum GA was 83.53% in Minor I, 78.72% in Minor H and 70.77% in 
Minor K, while the minimum was 46.37% in Minor C. 
6) Seed weight (g) 
The mean values, shift in mean and various genetic parameters for seed 
weight (g) in the isolated strains of var. minor are shown in the Table 101. It is 
an important contributing character to assess the total yield per plant. The shift 
in mean showed exceptionally better increase for seed weight in the isolated 
strains of var. minor. The maximum shift in mean was 18.36 in Minor E 
followed by 17.70 in Minor F and 16.70 in Minor G, whereas the minimum 
was 6.06 in Minor L. The genetic parameters showed significant increase over 
the parent variety. The maximum GCV was 28.19% in Minor L followed by 
27.47% in Minor K and 25.38% in Minor M, while the minimum was 13.78% 
in Minor A. The heritability and genetic advance also showed a significant 
increase. The maximum heritability was 89.88% in Minor K followed by 
88.81% in Minor L and 88.58% in Minor M, while the minimum was 70.33% 
in Minor A. The maximum GA was 70.07% in Minor L 68.79% in Minor K 
and 62.96% in Minor M and minimum was 12.32% in Minor G. 
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7) Yield per plant (g) 
The mean values, shift in mean and various genetic parameters for yield 
per plant (g) in the isolated strains of var. minor are shown in the Table 102. It 
is the character by which total improvement of the variety is assessed but is 
contributed by many other characters such as pods per plant, seeds per pod, pod 
length (cm), pod girth (cm), seed weight (g), fertile branches per plant etc. A 
significant increase was recorded in mean shift in all the isolated strains. The 
maximum shift was 13.07% in Minor B followed by 13.07% in Minor A and 
12.23% in Minor C, whereas the minimum was 9.06% in Minor J. The genetic 
parameters showed considerable increase. The maximum GCV was 32.50% in 
Minor D followed by 25.47% in Minor K and 25.35% in Minor J and the 
minimum was 12.71% in Minor C. The estimates of heritability and genetic 
advance was very high. The maximum heritability was 94.93% in Minor A 
followed by 90.55% in Minor M, 90.01% in Minor K and the minimum 
heritability was 66.91% in Minor C. The maximum GA was 63.78% in Minor 
K, 62.66% in Minor J followed by 60.37% in Minor L, whereas the minimum 
GA was 27.48% in Minor C. 
4.4.4 High yielding mutants in var. major 
All the mutants selected in the M2 generation showed a very significant 
increase in average plant yield as compared to their parents in M3. 
1) Number of fertile branches per plant 
The data on mean values, shift in mean and various genetic parameters 
for number of fertile branches per plant in the isolated strains of var. major are 
shown in the Table 103. A significant increase was recorded for number of 
fertile branches per plant in isolated strains of var. major. The maximum shift 
in mean was 11.97 in Major G followed by 11.64 in Major E and 10.64 in 
Major F. The maximum GCV was 33.10% in Major J, 32.89% in Major I 
followed by 32.55% in Major D, the minimum GCV was 26.33% in Major F. 
The heritability and genetic advance showed significant increase. The 
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maximum heritability was 88.94% in Major D followed by 87.75% in Major C 
and 87.56% in Major E whereas the lowest heritability was 70.91% in Major A. 
The maximum GA was 81.03% in Major D followed by 78.99% in Major C 
and 76.61% in Major J. 
2) Number of pods per plant 
The data on mean values, shift in mean and various genetic parameters 
for number of pods per plant in the isolated strains of var. major are shown in 
the Table 104. The number of pods per plant showed significant increase over 
the parental variety. The maximum shift in mean was 23.40 in Major A 
followed by 22.40 and 21.40 in Major E and Major B respectively and the 
lowest was 15.57 in Major J. The genetic parameters showed significant 
increase in the number of pods per plant. The highest GCV was 20.03% in 
Major I followed by 19.60%) and 19.15% in Major G and Major C respectively 
and the lowest was 15.50% in Major D. The increase in heritability and genetic 
advance was exceptionally significant over the parent. The maximum 
heritability was 90.63% in Major C followed by 87.26%) in Major A and 
86.45% in Major D. The lowest heritability was 74.03% in Major H. The 
maximum GA was 48.33% in Major I followed by 47.83% in Major C and 
47.77% in Major G, while the lowest GA was 37.54% in Major F. 
3) Number of seeds per pod 
The data on mean values, shift in mean and various genetic parameters 
for number of seeds per pod in the isolated strains of var. major are shown in 
the Table 105. A significant increase was recorded in number of seeds per pod 
in isolated strains of var. major. The maximum increase was 1.77 in Major E 
followed by 1.70 in Major D and Major G and the minimum shift in mean was 
in Major L, Major B and Major C. The genetic parameters continued to show 
increase in this character which is an important contributing factor for yield per 
plant. The maximum GCV was 28.31% in Major A followed by 26.00% in 
Major E and 26.22% in Major I, whereas the lowest was 23.82% in Major H. 
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The heritability and genetic advance showed considerable increase over the 
parent. The maximum heritability was 91.56% in Major A followed by 91.56% 
in Major E and 89.71% in Major C and minimum was 79.60% in Major G and 
D. The maximum genetic advance was 71.15% in Major A followed by 
66.53% in Major I and 65.32% in Major E, whereas the lowest was 56.37% in 
Major G. 
4) Pod length (cm) 
The data on mean values, shift in mean and various genetic parameters 
for pod length (cm) in the isolated strains of var. major are shown in the Table 
106. A considerable and significant increase in pod length was obtained in 
different strains of var. major. The maximum increase was 2.47 in Major B 
followed by 2.44 in Major D and Major E, while the lowest was 1.31 in Major 
F and Major H. The genetic parameters also showed considerable increase. The 
maximum GCV was 35.83% in Major J followed by 35.68% in Major E and 
34.81% in Major H, whereas minimum was 22.51% in Major A. The 
heritability and genetic advance also showed considerable and significant 
increase in the selected strains. The maximum heritability was 89.82% in 
Major J followed by 84.54% in Major I and 83.75% in Major H, wliile the 
minimum was 64.56% in Major D. The maximum GA was 89.84% in Major J 
followed by 84.14% in Major H and 83.16% in Major I and minimum was 
50.00% in Major D. 
5) Pod girth (cm) 
The data on mean values, shift in mean and various genetic parameters 
for pod girth (cm) in the isolated strains of var. major are shown in the Table 
107. A significant increase in mean shift was found in different strains isolated 
from var. major. The maximum shift in mean was 2.23 in Major A followed by 
2.13 in Major B and 2.10 in Major C and Major E, while the minimum shift in 
mean was 1.37 in Major D. The genetic parameters showed significant increase 
over the parent variety. The maximum GCV was 27.66% in Major C followed 
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by 26.93% in Major B and 26.74% in Major I, while the minimum was 21.17% 
in Major E. The heritability and genetic advance showed significant increase 
over the parent in this parameter. The maximum heritability was 94.97% in 
Major A followed by 82.45% in Major I and 82.32% in Major J, whereas the 
minimum was 67.67% in Major H. The maximum GA was 65.41% in Major C, 
63.72% in Major I and 61.81% in Major J, while the minimum was 46.86% in 
Major E. 
6) Seed weight (g) 
The data on mean values, shift in mean and various genetic parameters 
for seed weight (g) in the isolated strains of var. major are shown in the Table 
108. It is also an important yield contributing character to assess the total yield 
per plant. The shift in mean showed exceptionally better increase for seed 
weight in the isolated strains of var. major. The maximum shift in mean was 
13.36 in Major B followed by 12.70 in Major C and 12.03 in Major A, while 
the minimum was 10.36 in Major F. The genetic parameters showed significant 
increase over the parent variety. The maximum GCV was 19.12% in Major C 
followed by 18.77% in Major E, whereas the minimum was 12.44% in Major 
A. The heritability and genetic advance also showed a significant increase. The 
maximum heritability was 95.33% in Major C followed by 93.92% in Major I 
and 87.61% in Major A, while the minimum was 72.37% in Major F. The 
maximum GA was 49.09% in Major C, 44.82% in Major E and 42.90% in 
Major D and minimum was 30.84% in Major A. 
7) Yield per plant (g) 
The data on mean values, shift in mean and various genetic parameters 
for total yield per plant (g) in the isolated strains of var. major are shown in the 
Table 109. It is the character by which total improvement of the variety is 
assessed but is contributed by many other characters such as pods per plant, 
seeds per pod, pod length (cm), pod girth (cm), seed weight (g), fertile 
branches per plant etc. A significant increase was recorded in shift in mean in 
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all the isolated strains. The maximum shift was 14.84 in Major H followed by 
13.84 in Major B and 12.84 in Major C, while the minimum was 10.84 in 
Major F. The genetic parameters showed considerable increase over the parent. 
The maximum GCV was 18.32% in Major C followed by 16.51% in Major F 
and 16.41% in Major J and the minimum was 13.54% in Major A. The 
estimates of heritability and genetic advance showed exceptionally very high 
values. The maximum heritability was 92.69% in Major A followed by 90.42% 
in Major C, 84.32% in Major J and minimum was 78.33% in Major B. The 
maximum GA was 45.79% in Major C followed by 39.64% in Major J, 39.38% 
in Major F, while the minimum was 34.15% in Major A. 
4.5 SEED PROTEIN CONTENT (%) 
Since broad bean is important for its high protein content, attempts were 
made to evaluate the crude protein content and to assess the extent of induced 
variability in different treatments and mutant lines of two broad bean varieties 
along with controls in M3 generation (Table 112-115). 
A wide range of variability for protein content was induced in most of 
the treatments and mutant lines. The maximum increase in protein content was 
30.39%, 29.41% and 26.47% at lOkRH-0.1% EMS, lOkR+0.2% EMS and 
0.02% MMS respectively in var. minor, while in var. major the maximum 
increase was 33.89%, 28.03%, 25.52% and 23.01% at lOkR+0.2% EMS, 0.1% 
EMS, 0.2% EMS and 20kR+0.3% EMS respectively. The maximum decrease 
in protein content was 20.59%, 22.55% and 17.16% at 20kR+0.03% MMS, 
lOkR+0.02% and 0.03% MMS in var. minor, while in var. major maximum 
decrease in protein content was 30.54%, 18.83% and 15.48% at 20kR+0.03%, 
lOkR+0.02% and 0.01% MMS respectively (Graph 12 & 13). 
Among different mutant lines the maximum increase in protein content 
was 33.82%, 38.72%, 45.58% and 38.23% as compared to control in Minor A, 
Minor C, Minor D and Minor F, respectively and 28.03%, 28.87% and 31.38% 
in Major A, Major B and Major M respectively (Graph 14 & 15). 
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In general individual mutagenic treatments were most effective in 
increasing the seed protein content. Varietal sensitivity was noted by the fact 
that maximum increase in protein content was observed in the var. minor than 
var. major. Besides, similar treatment increased protein content in one variety 
and decreased it in other variety during the investigation. 
4.6 PROTEIN ELECTROPHORETIC PATTERNS 
The electrophoretic analysis was performed to determine the variation in 
seed protein patterns in controls and the isolated mutants of Vicia faba L. 
varieties. The data obtained from the SDS-PAGE gel scatming are presented in 
Tables 116 and 117 and the corresponding gel is presented in Plate LCVl (Figs. 
526 & 527). The results in the Tables 116 and 117 showed that the number of 
recorded protein bands ranged from 11-19 in mutants, while 11 protein bands 
were found in controls. They also indicated that there are differences in protein 
patterns between control and treated plants. In general, the electrophoretic 
protein pattern comprised of 26 recognizable migration distances, each 
represents a protein fraction. It was also observed that there was occurrence of 
common protein bands that* were consistent in the control as well as mutants. 
The mutants i.e., Minor D, Major A and Major B showed the maximum 
number of protein bands followed by Major D and Major L, Major K and 
Major J. 
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CHAPTER - 5 
(Discussion 
DISCUSSION 
The breeding potential of a crop plant is to exploit the existing genetic 
variability through selection or created variability. Mutation breeding technique 
is the best method to enlarge the genetically conditioned variability of a species 
within a short period of .time and has played a significant role in the 
development of many new crop varieties (Micke, 1988). Induced mutagenesis 
plays a very important role in enhancing genetic variability for crop 
improvement by inducing micromutations in addition to the visible 
macromutations and is the simplest and fastest way to isolate mutants of 
agronomic and economic significance. The primary strategy in mutation-based 
plant breeding has been to upgrade the well-adopted varieties by altering one or 
two major traits. These include mainly the yield contributing traits. Besides, 
induced mutagenesis offers a possibility for the induction of desirable attributes 
perhaps those that either can not be found naturally or have been lost. 
The induced mutagensis finds a prominent place in the augmentation 
and recreation of genetic variability which was lost by a rigid selection or 
narrow base of germplasm of a crop plant under improvement. The potentiality 
of mutations for this purpose however, depends upon the efficiency of 
induction of mutation (Siddqui and Yousufzai, 1988). The enhancement of 
mutation frequency and the alteration of mutation spectrum in a predictable 
manner remain the all times important aspects of mutation research. Increased 
number of mutated genes over a certain threshold essentially needs an 
extensive research for refined methods and treatment condition. It is often 
suggested that the manipulation of sieves in the mutation process would seem 
one means of obtaining a certain degree of phenotypic specificity (Siddiqui and 
Jafri, 1986). To ensure a speedy generation of variability for a specific trait to 
be improved, a mutation breeder has to go through all basic events met in the 
methodology to ensure reliable information about the mutagenic sensitivity of 
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biological material and the extent of effectiveness and efficiency of mutagen in 
question. Mutagens vary in their mode of action, effectiveness, efficiency and 
the spectrum of mutations induced. Similarly, genotypes show differential 
sensitivity towards mutagens even at varietal level. 
The basic information on mutagenic sensitivity, efficiency of mutagens, 
methods of handling the material and treatment methods required to maximize 
mutation induction is essential for any mutation breeding programme. 
Although ionizing radiations still remain the most employed tools of inducing 
mutations, a number of chemicals have been found to be equally and even more 
potent in their mutagenic effects. Combinations of different mutagens, if their 
mutation induction process is independent and capable of interaction, should 
increase mutation frequency and alter the mutation spectrum. 
Numerous mutant varieties through induced mutation have developed 
significant economic impact, sustaining crop production and greatly 
contributing to increase of food production. According to IAEA, mutant 
varieties data base (2004), more than 2300 new crop varieties, all carrying 
novel induced variation, have been officially registered. 
Generally, the criteria such as germination, injury, lethalit}', sterility, 
chromosomal aberrations in Mi generation, chlorophyll and viable mutation 
frequency in M2 generation are used to assess the superiority of mutagens 
(Thakur and Sethi, 1995; Kumar and Dubey, 1998c; Khan, 1999, Bhat et ai, 
2006). 
Broad bean {Viciafaba L.) possess low genetic variability due to often 
self pollination. Crossing produces too limited variability, therefore, it was 
chosen an experimental material for induction of variations through 
mutagenesis. 
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The present investigation was planned to estimate the extent of induced 
genetic variability in various traits i.e., days to flowering, number of flowers 
per plant, plant height, days to maturity, number of pods per plant, pod length 
(cm), pod girth (cm), number of seeds per pod, 100-seed weight, total yield per 
plant and number of leaves per plant in separate and combined applications of 
ethyl methane sulphonate (EMS), gamma rays, methyl methane sulphonate 
(MMS) and their combination treatments. The effect of mutagens and their 
combination was also studied on seed germination, seedling height, plant 
survival at maturity and pollen sterility and in the treated populations of the 
two varieties of broad bean viz., var. minor and var. major along with control 
plants. The detailed chromosomal analysis was made in Mi, M2 and M3 
generations of both the varieties. The observations made during the course of 
present investigation have been discussed in this chapter. 
Seed germination, seedling height and plant survival decreased with the 
increase in mutagenic treatments in the present investigation. However, the 
extent of decrease differed in both the varieties treated with different 
concentrations of the mutagens and their combination treatments. In general the 
combination treatments were found to be more effective than the individual 
treatments. Based on the extent of damage it was found that var. minor was 
more sensitive than var. major. 
The adverse effects of physical and chemical mutagens on various 
biological parameters have been reported by many workers (Subba Rao, 1988; 
Mehetre et al., 1990; Ravikesavan et al, 1995, Kumar and Mani, 1997; Kumar 
and Dubcy 1998a, 1998b; Bhat et al, 2006). Most of these workers have 
reported a dose dependent reduction in various biological parameters. 
Several workers have attempted to explain the causes responsible for 
inhibition of seed germination. Kleinhofs et al. (1978) in barley reported delay 
in the initiation of metabolism following germination which in turn resulted in 
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a uniform delay in mitotic activity, seedling growth and ATP and DNA 
synthesis. Tarar and Dnyansagar (1983) reported in Turnera ulmifolia that 
inhibitory effect of gamma rays was due to damage of DNA. Reduction in seed 
germination in m"utagenic treatihent has been 'explained due to delay or 
inhibition in physiological and biological processes necessary for seed 
germination which include enzyme activity (Kurbone et al, 1979), hormonal 
imbalance (Chrispeeds and Varner, 1976) and inhibition of mitotic process 
(Ananthaswamy e/a/., 1971). 
Following seed treatment, most of the potent mutagens commonly in 
use, besides inducing mutations, also produce physiological and lethal damages 
and the mutagenic effect always seems accompanied by a more or less toxic 
effect. The different toxic effects include reduction in germination and growth 
inhibition, seedling injury and sterility. 
Rao (1980) in guar and okra; Deshmukh (1981) in Anethum sowa and 
Salim et al. (1974) in peas have attributed reduction in the germination 
percentage due to exposure to the enhanced production of active radicals which 
are responsible for seed lethality, while Gordon (1955) has correlated it with 
inhibition of auxin synthesis. 
Inhibition of seedling growth after treatment of seeds is a convenient 
technique for studying effects of physical and chemical mutagens in plants. 
Different reports are available to explain the reduction in seedling growth. Gray 
and Scholes (1951) and Lea (1955) suggested that it could be due to genetic 
injury in meristematic cells. The badly damaged cells would produce only a 
few cell progeny and growth will recur from those cells which are least 
damaged genetically. Thoday (1951) and Evans and Sparrow (1961) opined 
that the chromosomal damage and /or inliibition of cell division were the chief 
causes of reduced growth, whereas, Goud and Nayar (1968) demonstrated that 
the depression in seedling growth may be due to inhibition of auxin synthesis. 
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Another group of workers believed that inhibition of seedling growth 
may be due to slow rate of cell division, decreased amylase activity and 
increased peroxidase activities (Rao, 1980; Rao and Rao, 1983; Subba Rao, 
1988). Decrease in the amylase activity may affect hydrolysis of starch into 
sugars needed for proper growth of the seedling (Rao and Rao, 1983). Rao 
(1980) in guar and okra and Rao and Rao (1982) in guar. 
Whatever may be the cause of reduced seedling growth, the fact remains 
that chromosomes which carry various genes responsible for life processes and 
expression are one of the most sensitive organs in the cell, and damage to any 
part of these vital and tiny organs is bound to go a long way to bring about 
various physiological and metabolic disorders which in turn will bring about 
several morphological and growth abnormalities in the plant or plant organs. 
Progressive decrease in the rate of survival of plants with an increase in 
the doses of physical and chemical mutagens has been reported by Jayabalan 
and Rao (1987a) in Lycopersicon esculentum, Sudhakaran (1967) in Vinca 
rosea and Kumar and Dubey (1998a,b) in Lathyrus sativus. Decrease in 
seedling survival may be attributed to the series of events occurring at the 
cellular level which affect the vital macromolecules and bring about a 
physiological imbalance in the cells as a consequence of exposure to ionizing 
radiations and chemical mutagens. 
In the present investigation, varying degree of pollen sterility was 
induced in all mutagenic treatments. Although nearly 4-6% sterility was also 
observed in the controls, the magnitude of sterility increased with an increase 
in dose/treatment. Combination treatments recorded the highest sterility 
followed by MMS, gamma rays and EMS. In some plants very high pollen 
sterility (50-90%) was recorded in the higher treatments. The proportion of 
such highly sterile plants also increased with an increase in the concentration of 
the mutagens. These results are in agreement with many workers who also 
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reported a dose dependent increase in sterility following mutagenic treatments 
(Bhamburkar and Bhalla, 1985; Kumar and Dubey, 1998a, 1998b; Chary and 
Bhalla, 1988; Reddy and Annadurai, 1992; Dhamyanthi and Reddy, 2000; Bhat 
et al, 2005). 
The high sterility observed in the treated populations may be attributed 
to the vast array of meiotic aberrations that were induced by physical and 
chemical mutagens leading to aberrant pollen mother cells and ultimately 
resuhing in the inactivation of pollen grains. This is in agreement with many 
workers (Rana and Swaminathan, 1964; Sinha and Godward, 1972a; Ramanna, 
1974; Bhat el al, 2005). Contrary to this, Sato and Gaul (1967) in barley 
reported a high sterilit}- coupled with low frequency of meiotic abnormalities 
after EMS treatment. This was attributed to small undetectable deletions or 
gene mutations. Ramesh and Reddi (2002) suggested that mutagen induced 
pollen sterility could be chromosomal, genie or physiological in nature, while 
Sharma et al. (2004) attributed it mainly due to chromosomal aberrations. It is 
suggested that failure of homologous pairing during meiosis could be the 
reason of high pollen sterility. 
Studies on some biological parameters viz., germination, survival and 
sterility revealed that much of the inhibitory effects were recovered in the 
second generation, although the higher dose treatments of all mutagens still 
retained the adverse effects. Such a recovery mechanism in M2 generation has 
also been reported by different workers (Katiyar, 1978a; Jayabalan and Rao, 
1987a; Subba Rao, 1988). 
Differential varietal response to different mutagens as observed in the 
present investigation has earlier been reported by many workers. Sharma and 
Sharma (1981b) observed different mutagenic response of gamma rays and 
NMU in microsperma and macrosperma lentils. Venkatachalam and Jayabalan 
(1995), using EMS, sodium azide and gamma rays, found distinct varietal 
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differences in groundnut (Arachis hypogaed). Akbar et al (1976) concluded 
that differences in radiosensitivity may be due to differences in their recovery 
process involving enzyme activity. Differences in radiosensitivity were also 
reported by Khan (1999) in black gram, Reddy (1989) in triticale and Al-
Rubeai and Godward (1981) in Phaseolus vulgaris. Nerker (1976) in Lathyrus 
sativus. It is concluded that varieties with a large assortment of recessive 
characters show greater sensitivity than the varieties with dominant characters 
(Gelin et al, 1958; Blixt, 1970). The mechanism controlling sensitivity to 
chemical mutagens and x-rays has been reported to be different from those 
determining sensitivity to gamma rays (Sokolov and Balchunene, 1977). 
A common observation on the biological parameters revealed the 
general superiority of combination treatments of gamma rays, MMS and EMS 
over their individual treatments. However, MMS in turn was more superior to 
gamma rays and EMS in bringing about adverse effects on biological 
parameters. Greater effectiveness of combination treatments was also reported 
in blackgram (Bhamburkar and Bhalla, 1985), in mungbean (Khalatkar and 
Bhatia, 1975), in chickpea (Bhatnagar, 1984), in Cajams cajan (Chary and 
Bhalla, 1988), in Cicer ahelmum (Sharma el al, 2004) and in Vicia faha L. 
(BhaU'/i//.,2006). 
The less toxic effects of gamma rays as compared to MMS is probably 
due to the fact that legumes require very high dose of radiation to produce more 
drastic effects (Bhamburkar and Bhalla, 1985). Besides, the increase in 
sensitivity is dependent on metabolic processes. The presoaking of seeds, 
therefore, leads to enhancement in sensitivity to chemical mutagens. This is 
attributed to various reasons such as changes in metabolic condition of the cells 
(Sharma, 1969). Ravikesavan et al (1995), while studying the effect of EMS 
on various biological parameters in different crops, concluded that pulses are 
comparatively more sensitive to the mutagenic treatments than other crops. 
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Sareen and Kaul (1999) in Plantago ovata also reported that EMS was found to 
produce more drastic effect on seedling height than gamma rays, 
The combination treatments given to seeds with physical and chemical 
mutagens are known to affect the efficiency of each other. The interaction 
coefficient (K) of combination treatments was determined for various 
biological parameters to see the extent of damage caused when physical and 
chemical mutagens are used in combination than their respective individual 
treatments. For most of the combination treatments and for almost all 
biological parameters, the coefficient of interaction was both additive and less 
than additive. Additive or synergistic effects were obtained in var. minor 
(lOkR+0.1% EMS, lOkR+0.01% MMS) and in var. major (10kR+0.1%EMS; 
20kR+0.3% EMS, 20kR+0.4% EMS, 20kR+0.04% MMS) for seed 
germination in Mi generation, while in M2 generation only lOkR+0.2% EMS in 
var. minor and 20kR+0.3%'EMS in var. major showed additive or synergistic 
effects for seed germination. The additive or synergistic effects were obtained 
for plant survival in almost all the combination treatments in both the varieties 
in Ml and M2 generation with only one exception of lOkR+0.01% MMS in var. 
minor which showed less than additive effect in M2 generation. The additive or 
synergistic effect was also obtained for pollen sterility at 10kR+0.1%EMS, 
20kR+0.4% EMS and 20kR+0.03% MMS in var. minor and at 10kR-)-0.1% 
EMS, 20kR+0.4% EMS and lOkR+0.01% MMS in var. major in M, 
generation, while in M2 generation additive or synergistic effect was also 
obtained at lOkR+0.1% EMS and 20kR+0.4% EMS in var. minor in Mi and at 
lOkR+0.1% EMS, lOkR+0.2% EMS and 20kR+0.4% EMS in var. major. It is 
interesting to note that synergistic or additive effects were obtained for 
inhibition in seed germination, reduction in plant survival and pollen sterility in 
the M2 generation also. 
The synergism among two mutagens may be first mutagen treatment 
making accessible otherwise non-available sites for reaction to the second 
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mutagen and secondly pre-mutational lesions induced by the first mutagen 
becomes fixed due to an inhibitory effect of the second mutagen on repair 
enzyme (Sharma, 1972; Payez and Deering, 1972). Both these pathways should 
yield a frequency of mutations higher than the total of two mutagens applied 
individually. 
Bhatnagar (1984) reported less than additive effects of combination 
treatments on germination and survival in chickpea, however, synergistic 
effects were obtained for pollen sterility. Bhamburker and Bhalla (1985) in 
blackgram reported less than additive effects on germination, survival and 
seedling height and more than additive effects on pollen sterility. 
Difference in synergistic effect of combination treatments could be 
attributed to interference of mutagens given in combination in the repair 
mechanisms and-mutual inhibhion of reactivation process (Bhatnagar, 1984). 
Since it has been consistently observed that some combination treatments 
showed less than additive effects as for as the biological damage is concerned, 
it could be concluded that such treatments could be used favourably for 
increasing the mutation rate and obtaining a wider spectrum of mutations in 
broad bean. 
Genetic hazards of physical and chemical mutagens are now well known 
and the methods to detect their mutagenic effects have been devised. In this 
context cytological investigations appear rewarding as they deal with the 
primary genetic material - the chromosome and more appropriately the DNA 
which control the phenotypes. 
The chemical mutagens induced variation in shape, size and number of 
cotylodonary leaves in the present material. The actual mechanism of induction 
of such a variation is still unknown. However, it is generally believed that 
disturbance in the proportion of growth homiones may be partly responsible for 
occurrence of such variation. Present findings are in agreement with the earlier 
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results obtained by various workers in Oryza sativa (Bose and Choudliury, 
1968), Lens culinaris (Sharma and Kant, 1975). The presence of single 
cotyledonary leaf may be due to either cytochemical disturbances or to the 
acute chromosomal aberrations leading to death of leaf primordia of the 
embryonal cells responsible for leaf developments. Development of extra 
cotyledonary leaves on the other hand, indicates the formation and involvement 
of additional leaf primordia or the embryonal cells. 
Leaf shape is an important characteristic which finally governs the plant 
form. Most of the treatments of EMS, gamma rays, MMS and- their 
combination treatments induced variation in leaf shape and number of leaflets. 
The frequency of such abnormal leaves increased with the increasing 
concentrations of the mutagens. Blixt (1972) reported that leaf aberrations 
seemed to be closely related to the actual mutation process. The altered 
metabolism as a result of cellular damage may also be one of the reasons for 
leaf abnormalities. Charan (1992), Smith and Hake (1992) and Kumar et al. 
(1999) reported leaf mutants in various crop plants. An interesting feature 
observed in the present investigation was the induction of broad and bigger 
leaves with altered shape. These mutants showed moderate yield and exhibited 
late maturity. Its genetic control remains to be determined as there was no 
segregation in the subsequent selfed generations raised from Mj, M2 and M3 
plants. Since segregation for the specific trait appeared absent; probability of 
the occurrence of cytoplamic mutation can not be eliminated. To determine 
this, reciprocal crossing, using the plants with altered phenotype as the male 
and the female parents, should conclusively determine the cytoplasmic 
mutational status of this mutant. According to Salnikova (1995), induction of 
mutation and crossing over at the same time in the cells of a treated seed is a 
unique property of some chemical mutagens. This causes homozygosity for the 
mutated trait already in the reproductive tissues of the plants raised from 
mutagen treated seeds. Such Mi progeny is notable for lack of segregation in 
M2 generation. 
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The pollen mother cells undergoing meiosis attain this stage after many 
mitotic cycles. At the same time recovery mechanisms can start operating in 
the elimination of lethals and sublethals through natural selection right from the 
initiation of germination following mutagenic treatment (Sinha and Godward, 
1969). Yet some aben-ations persist and affect the viability of gametes and 
subsequently the fertility of plant. 
Cytological analysis with respect to either mitotic or meiotic behaviour 
is considered to be one of the dependable indices to estimate the potency of 
mutagen. Therefore, investigations on disturbances in meiotic behaviour 
indicating mutational genetic load form an integral part of most of the mutation 
studies. It also provides a considerable clue to assess sensitivity of plants for 
different mutagens, and to ascertain the most effective mutagen for a given 
crop to realize maximum results. 
Various workers have compared the mutagenic efficiencies of different 
mutagens on different crops. Their results seem to be entirely specific for 
particular species and even varieties. While many workers, like Rao and Rao 
(1983a), Kumar and Dubey (1998c), Dhamyanthi and Reddy (2000), Bhat et 
al, (2005) found chemical mutagens to be more effective than physical ones, 
many others, like Tarar and Dnyansagar (1980), Zeerak (1991), Singh (2003) 
found the reverse case. 
Physical and chemical mutagens are known to produce chromosomal 
aberrations leading to abnormal chromosome behaviom* during meiosis and 
consequently giving varying degree of sterility. A vast array of meiotic 
aberrations v^ 'ere induced by EMS, gamma rays and MMS and their 
combination treatments in broad bean in the present investigation. Meiotic 
aberrations increased with an increase in dose/concentration of the mutagens. 
Although the types of chromosomal aberrations were more or less common in 
both the varieties, but the frequency of chromosomal aberrations were 
187 
comparatively more in the var. minor indicating its more sensitivity to the 
mutagens. Combination treatments were most effective, whereas, MMS 
comparatively induced more aberrations than gamma rays and EMS, although 
the difference in the percentage of aberrations induced by the mutagens was not 
much. 
Different types of chromosomal aberrations observed in the present 
investigation have also been reported by different workers in different plant 
materials after treatments with physical and chemical mutagens, viz., Singh et 
al. (1989) in Lens culinaris, Reddy et al. (1992) in Lens culinaris, Ahmad 
(1993) in chickpea; Mitra and Bhowmik (1996) in Nigella sativa; Anis and 
Wani (1997) in Trigonella foenum-graecum; Kumar and Dubey (1998c) in 
Lathyrus sativus, Verma et al (1999) in Lens culinaris, Dhamyanllii and Reddy 
(2000) in Capsicum annuum L. Singh (2003) in Vigna radiata L. Wilczek, 
Bhat et al. (2005b) in Vicia faba L. Most of these workers have obtained a 
dose dependent increase in meiotic aberrations and the varietal sensitivity to 
mutagenic treatments was also reported by some workers. 
Stickiness of chromosomes was the most common abnormality observed 
in the present investigation. Chromosomes were found clumped into one, two 
or many groups at metaphase due to stickiness and did not show normal 
disjunction. These results are in agreement with Tarar and Dnyansagar (1980); 
Mitra and Bhowmik (1996); Kumar et al. (2003); Ganai et al. (2005) and Bhat 
et al. (2006a), who also reported stickiness as the most common abnormality 
and the grouping of different bivalents due to their stickiness. 
The frequency of univalents ranged from 2-12 per PMC and these were 
later found as laggards al anaphase and telophase stages. The univalents were 
also reported by Saha and Datta (2002) in Nigella sativa, Kumar et al. (2003) 
in Lens culinaris, Sengupta and Datta (2003) in Sesamum indicum L., Bhat et 
al. (2006) in Vicia faba L. It seems more likely that mutagenic treatments 
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Plate XXXIV 
Fig.310 Tall, non-Howcnng mutant (0.04% MMS). 
Fig.311 Bushy late-flowering mutant (0.03% MMS). 
Fig.312 Bushy early flowering mutant (0.02%o MMS). 
Fig.313 Bushy dwarf mutant (30kR gamma rays). 
Plate XXXIV 
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Plates XXXIII-XXXIX : Morphological features of 
mutants of var. minor isolated in M2 generation. 
Plate XXXni 
Fig.306 Control plant. 
Fig.307 Bushy semi-dwarf mutant with broad leaves (0.1% EMS). 
Fig.308 Bushy semi-dwarf mutant (0.3% EMS). 
Fig.309 Tall mutant (lOkR gamma rays). 
Plate XXXIII 
Plate XXXII 
Fig.303 Mutant of var. minor showing compact arrangement of leaves 
{40kR gamma rays. MT generation), 
lMg.304 Branches oreonipact leaf mutant and var. minor (control). 
Fig.305 Twigs ot~ var. minor with only one pod and mutant showing many 
deformed flowers with long pedicel on the node. 
Plate XXXII 
Plate XXXI 
Fig.299 Closed flower mutant of var. minor (0.04% MMS, M2 generation). 
Fig.300 Closed tlower mutant of var. major (30kR gamma rays, M2 
generation). 
Fig.301 Close view of closed flower mutant. 
Fig.302 Closed flower mutant showing early flower fall and early 
defoliation. 
Plate XXXI 
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Plate XXX 
Fig.29() Xanlha mulanl (lOkR+0.01% MMS). 
Fig.297 Xantha mutant (20kR+0.2% EMS). 
Fig.298 Xantha mutant (20kR+0.03% MMS). 
Plate XXX 
Plate XXIX & XXX : Chlorophyll mutants of var. major in 
M2 generation. 
Plate XXTX 
Fig.292 Albina mutant (0.1 % EMS). 
Fig.293 Albina mutant (0.01% MMS). 
Fig.294 Xantha mutant (20kR gamma rays). 
Fig.295 Xantha mutant (1 OkR+0.3% EMS). 
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Plate XXVllI 
Fig.290 Xantha mutant (20kR+0.02% MMS). 
Fig.291 Xantha mutant (lOkR gamma rays). 
Plate XXVIII 
Plate LCII 
Fig.514 a) Control seeds, b) Bold seeds of Major-D, mutant seeds were bold 
and showed peculiar structures on seed coat. 
Fig.515 a) Control seeds, b) Bold seeds of Major-E, mutant seeds were bold 
and showed peculiar structures on seed coat. 
Fig.516 a) Control seeds, b) Bold seeds of Major-F, mutant seeds were bold 
and showed peculiar structures on seed coat. 
Plate XXVII 
Plate LCI 
Plates LCI-LCV : Seeds of var. major (control) and 
mutants in IVI3 generation. 
Plate LCI 
Fig.511 a) Control seeds, b) Giant bold seeds of Major-A, mutant seeds 
were very bold vvitb brownish seed coat. 
Fig.512 a) Control seeds, b) Giant bold seeds of Major-B, mutant seeds 
were very bold with normal seed coat. 
Fig.513 a) Control seeds, b) Bold seeds of Major-C. mutant seeds were bold 
and showed peculiar structures on seed coat, 
Plate LC 
induced univalent formation tlirough cryptic structural changes in some of the 
chromosomes which restricted pairing and in this way reduce chiasma 
frequency. Rao and Laxmi (1980) attributed univalent formation to the partial 
and complete lack of homologous chromosome pairing. Further, the 
disturbances in the pairing mechanism was ascribed to the presence of 
chromosome breakage in the PMCs of plants raised from treated seeds. Some 
of the univalents disjuncted early and presumably this happened due to genie 
differences. Such chromosomal divergences in the form of precocious 
movement is pointed towards structural differentiation of homologous pair 
(Anis and Wani, 1997). Mifra and Bhowmik (1996) reported that non pairing 
and early separation of chromosomes at meiosis may result in the formation of 
univalents. The chromosomes may fail to pair because of the alteration of 
linearity of genes in them due to translocation and inversion induced by 
mutagenic treatments so that at early prophase homologous chromosomes do 
not lie side by side. According to Sarbhoy (1977), the univalent is either a 
chromosome which altogether failed to pair at zygotene or is one which paired 
to form a bivalent but whose two component chromosomes separated at 
diplotene, because of the absence of chiasma formation between them or else it 
is due to precocious anaphasic separation of bivalent. The precocious 
separation and univalents at metaphase should be viewed together because the 
former invariably leads to the latter. 
Different types of multivalent associations (tri, tetra, penta, hexa, hepta, 
octa and chain of bivalents) as observed in the present investigation have also 
been reported in various plants like lentil barley (Kumar and Singh, 2003) and 
Vicia faba L. (Bhat et al, 2006). Alterations in the chromosome associations 
which composed of uni, tri, tetra and multivalents were possibly the outcome of 
non or irregular pairing of chromosomes due to translocations (Katiyar, 1978a). 
According to Prasad (1965) and Sinha (1967) the formation of multivalents 
was the possible outcome ofocchangc between non-homologous chromosomes 
due to translocations. Chaghtai and Hasan (1979) reported the occurrence of 
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multivalents with the increasing concentrations of EMS, MES and MMS in 
Lens culinaris and suggested that translocations may have been produced due 
to terminal affinities of chromosomes. Some times separation of two 
chromosomes in certain bivalents lagged behind" the others and the late' 
separating chromosomes failed to reach the poles and get included in the 
daughter nuclei. In still other cases, the spindle formation mechanism failed 
completely and as a result all the bivalents were found scattered throughout the 
spindle. 
Stickiness could be due to depolymerisation of nucleic acid caused by 
mutagenic treatment or due to partial dissociation of the nucleoproteins and 
alteration in their pattern of organization (Evans, 1962); Jayabalan and Rao 
(1987b) suggested that stickiness might be due to disturbances in the 
cytochemically balanced reactions. Gaulden (1987) attributed chemically 
induced stickiness to direct action of mutagen on the histone proteins leading to 
improper folding of DNA. Mutagen induced structural changes in 
chromosomes and gene mutations might be responsible for the failure of 
pairing among homologous chromosomes and hence the presence of 
univalents. In the present case, EMS, gamma rays, MMS and their combination 
seems to be responsible for induced stickiness, perhaps the target proteins in 
this case are those responsible for chromosome condensation during active 
divisional stages. Their defective functioning, which may be due to gene 
mutation or direct action of the mutagen on the proteins, caused a disturbance 
in the chromosomes during the course of their condensation from prophase-I to 
metaphase-I, probably this was the main reason that the stickiness was pre 
dominant from metaphase-I onwards. However, it seems most probable that 
some kind of a gene mutation leads to incorrect coding of some non-histone 
proteins involved in chromosome organization. When affected these proteins 
lead to cliromosome clumping. Stickiness in chromosomes interfered in normal 
arrangement at metaphase stage and further lead to their inability in separation 
and origin of thick sticky bridges. When the spindle fibres pulled the 
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chromosomes towards the poles, these bridges broke into fragments, which 
either moved towards one pole or formed micronuclei. In either case, the 
daughter cells had an unequal distribution of chromatin material. Similar 
divisions at the second phase of division lead to abnormal microspore tetrads 
and thus to abnormal pollen grains. Such pollen grains were usually non-viable 
and unable to fertilize the egg, leading to lower seed set. 
Precocious movement of chromosomes at metaphase-I was the dominant 
abnormality in all the treatment doses. Roy et al. (1971) also observed 
precocious separation of one or more bivalents at metaphase-I in Cucumis 
sativus raised from gamma irradiated seeds. It is probably caused by spindle 
disfunction. 
Laggards may be explained on the basis of abnormal spindle formation 
and chromosomal breakage. The laggards observed during the present study 
might be due to delayed terminalization, stickiness of chromosome ends or 
because of failure of chromosomal movement (Permjit and Grover, 1985; 
Jayabalan and Rao, 1987b; Soheir et al, 1989). Schulz-Shaeffer (1980) 
concluded that lagging chromosomes and their presence as univalents may 
result in aneuploidy. According to Bhattacharjee (1953), acentric fragments or 
laggards may resuh in the formation of micronuclei at telophase-II and 
ultimately variation in number and size of pollen grains resulting from a mother 
cell. 
Bridges with or without fragments at anaphase stages were frequently 
observed in the present investigation. Similar bridges are reported by many 
workers after irradiation or chemical treatments (Ahmad, 1993). Sax (1960), 
Saylor and Smith (1966) suggested that the formation of chromatin bridges 
might be due to the failure of chiasmata in a bivalent to terminalise and the 
chromosomes get stretched between the poles. Bhattacherjee (1953) attributed 
bridge formation to interlocking of bivalent chromosomes and Sinh'a and 
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Godwai'd (1972) lo paracentric inversions. Tlie occurrence of breaks at the 
same locus and their lateral fusion leads to the formation of dicentric 
chromosome which is pulled equally to both the poles forming a bridge (Anis 
et al, 1998). Bridges often break as the dyads move further apart in the late 
anaphase, sometimes leaving an acentric fragment in the cytoplasm. The 
firagments are seen during meiosis-II as micronuclei which do not condense 
along with remaining chromosomes. The presence of chromosome bridges 
without fragments may be due to restitution or the fragments getting entangled 
or attached with normal chromatids of chromosomes (Tarar and Dnyansagar, 
1980). Moreover, PMCs with a single bridge without acentric fragment at 
anaphase-1 is formed by two sister chromatids of a broken chromosome which 
has undergone fusion during interphase at the time of duplication (Mc Clintock, 
1938). 
In the present study, bridge formation can be attributed to the general 
stickiness of chromosomes at metaphase stage or breakage and reunion of 
chromosomes. The present findings are in agreement with the earlier results of 
Jayabalan and Rao (1987) in tomato and Mitra and Bhowmik (1996) in Nigella 
sativa. Movement of bivalents towards poles at anaphase due to non-
disjunction of homologous chromosomes at metaphase as observed during the 
present study was due to the stickiness of chromosomes and could result in 
unequal distribution of chromosomes in the daughter nuclei (Anis and Wani, 
1997). Abnormalities such as lagging chromosomes and unequal separation of 
chromosomes especially the last one would lead to the production of aneuploid 
gametes. Such plants (aneuploids) are of immense importance in fundamental 
as well as applied research in crop improvement. It may be noted that in the 
case of unequal separation at A], the most frequent separation is 5:7 
chromosomes. A functional gamete with 7 chromosomes will produce a 
trisomic upon union with a normal gamete. Mitra and Bhowmik (1996) 
reported that unequal separation of chromosomes was caused by spindle 
irregularities. Random movement of univalents to any one of the poles leads to 
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unequal separation of chromosomes (Kumar and Singh, 2003). Micronuclei 
generally arise from fragments and lagging chromosomes which fail to reach 
the poles and get included in the daughter nuclei (Kiraiar and Duby, 1998c; 
Laxmi et al, 1975), whereas, disturbed polarity at telophase stages could be 
due to spindle disturbance. 
Cytomixis was first observed by Komiche (1901) in pollen mother cells 
(PMCs) of Crocus sativus and then by Gates (1911), who studied the PMCs of 
Oenothera gigas and defined it as phenomenon of transmigration of chromatin 
from one cell to the adjoining cell and coined the term cytomixis. Since that 
time, the cytomixis has been reported more commonly during 
microsporogenesis in several families of flowering plants (Mc Clintock, 1929; 
Bahl and Tyagi, 1988; Koul, 1990; Yen et al, 1993; Kumar and Sharma, 2002; 
Haroun et al, 2004; Bhat et al, 2006b). In addition, such migration of 
chromatin has also been reported in somatic cells (Bowes, 1973; George and 
Geethamma, 1985) and in the interphase between somatic and meiotic cells 
(Cooper, 1952). In Leguminosae, cytomixis has been reported in many genera, 
e.g. Vigna (Sen and Bhattacharya, 1988); Lathyrus (Kumar and Sinha, 1991; 
Seijo, 1996) and Pisum (Gottschalk, 1970; Nirmala and Kaul, 1994) and Vicia 
faba L. (Bhat et al. 2006b). 
Although cytomixis has been reported in several plant species, its origin 
is not clear, though, it has been viewed as a process limited to genetically 
unbalanced types like haploids, hybrids and apomictics (Gottschalk, 1970, 
Basavaiah and Murthy, 1987; Bahl and Tyagi, 1988). Among the factors 
proposed to cause the cytomixis are i) influence of genes (Kaul and Nirmala, 
1993), ii) abnormal formation of the cell wall during premeiotic divisions 
(Kamra, 1960), iii) action of chemical agents such as colchicines, ethyl 
methane sulphonate and methyl methane sulphonate (Sinha, 1988; Bhat, et al, 
2006) and rotenone (Amer and Mikhael, 1986), iv) changes in the biochemical 
process that involve microsporogenesis modifying the micro-environment of 
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affected anthers (Koul, 1990), v) effect of gamma radiation resulting in an 
imbalanced and sterile genetic system (Amma et al, 1990), vi) due to the 
presence of a malc-slcrilc mutant gene and its frequency altered by 
environmental factors (Nirmala and Kaul, 1994), environmental stress and 
pollution (Haroun et ah, 2004). 
The frequency and intensity of cytomixis depend on the nature of 
connection between the a4jacent cells. Two types of cormections between 
pollen mother cells were observed i.e., cytoplasmic channels and direct fusion. 
Cytomixis through cytoplasmic channels was observed at various stages of cell 
division and mostly PMCs were connected with single cytoplasmic charmel. 
Multiple cytoplasmic channels were also found between pollen mother cells but 
in low frequency. The direct fusion of pollen mother cells was observed at 
various stages of cell division and frequency of cells showing cytomixis 
through this method was more at first part of meiotic division. Some PMCs 
were found to have cytoplasmic channel with one PMC and direct fusion with 
other. 
Although cytomixis occurred through cytoplasmic channels and direct 
fusion of cells at different stages of microporogenesis, the second type was 
more frequent than the first one. Cytomixis through both the methods was more 
common at various stages of meiosis-I than meiosis-II. Similar observations 
have been reported by many workers (Bahl and Tyagi, 1988; Seijo, 1996 and 
Haroun et al, 2004). 
In majority of cases 3-8 meiocytes were involved in cytomixis, though 
in some cases only 2 meiocytes were found having cytoplasmic connections. 
Cytoplasmic channels were of varying breadth to permit the migration of the 
chromatin/ chromosomes from donor to recipient cell/cells at various stages of 
meiosis. It was not uncommon to find 2 or 3 cytoplasmic channels emerging 
from a single PMC and comiecting two or more cells. The migration of 
chromatin materials from one pollen mother cell to other was unidirectional 
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i.e., from a donor to a recipient cell. However, the chromatin material was 
found migrating from a single meiocyte to more than one adjoining pollen 
mother cells simultaneou,sly. Wherever, more than two PMCs were 
simultaneously involved in cytomixis, the chromatin materials passed from 
meiocyte one to the second, from second to the third and so on. Unidirectional 
migration of chromatin materials from one PMC to another in a series has been 
reported by Gottschalk (1970). However, in the present investigation a single 
pollen mother cell was found donating its chromatin materials simultaneously 
to two PMCs through two independent cytoplasmic channels. This type of 
chromatin migration is in contrast to the pattern described by Gottschalk 
(1970). In rare cases the entire chromatin materials of the donor cell migrated 
to the recipient cells and the donor cell became empty. The migration of a part 
of the chromatin material resulted the formation of aneuploid cells. In the 
present investigation, in some cases no visual transfer of chromosomes through 
cytoplasmic connections could be detected. The formation of cytoplasmic 
charmels between two or more cells at different places in the cells suggests that 
screening of EMS, gamma rays, MMS and their combination treated population 
for varied ploidy level and its utilization in plant breeding may produce the 
polyploids. 
Sometimes the recipient cells were observed with additional mass of 
chromosomes which did not pair with the normal chromosomes but did so 
among themselves and went on further divisions separately. Similar situation 
has also been reported in pearl millet by Pantulu and Manga (1972). The fate of 
such additional masses of chromosomes is not known definitely but they 
probably form either micronuclei or micropoUen. Loss of chromosomes in 
meiotic and somatic cells has been noticed in Gossypium by Sarvella (1958). 
According to Thakur (1978), a loss or gain of one or more chromosomes has 
two obvious possibilities; first extremely deficient gametes will be lethal and 
will be eliminated and second; those gametes which contain chromosome 
number different from the normal and are able to survive may be responsible 
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for producing aneuploids. In case where migration of entire chromatin material 
takes places, there is the possibility of origin of polyploids. A noteworthy point 
in the present investigation is that sometimes chromatin material migrated 
without nucleolus or nucleolus migrated without chromatin materials alone. 
The migration of chromosomes in between and among the PMCs ranges from 
1-6, implying thereby that the chromosome migration was broken at different 
intervals right from the very initiation of the process upto the complete 
migration of chromatin material. 
The frequency of PMCs showing cytomixis was more at the early stages 
of meiosis and gradually decreased towards the end of meiosis. This 
observation supports the earlier views (Maheshwari, 1950; Bhat et al, 2006) 
that early stages are more favourable for cytomixis and is contrary to the belief 
that all the stages of meiosis are equally susceptible to cytomixis (Verma et al., 
1984). 
In the phenomenon of cytomixis two or more pollen mother cells at the 
same phase of division are usually involved but in the present case the 
cytoplasmic connections between pollen mother cells at different stages of 
meiosis such as anaphase-I and metaphase-II, anaphase-I and anaphase-II and 
diakinesis/metaphase and anaphase-I/telophase-II were observed. In a condition 
where anaphase-I chromosomes which were still undivided move to another 
cell at anaphase-II where the chromosomes were already divided. In such a 
situation the anaphase-I chromosomes might be left as laggards or might 
behave in some other way. 
During observation the larger or smaller cells with or without nucleus 
were also found than the normal. This could be because of excess chromatin 
material resulting from the migration and accumulation followed by their re-
migration to other cells. That the migration took place at anaphase-II and later 
stages were also evident from the presence of hexapolar anaphase-II, pentads 
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and hexads. The cytomixis in the present investigation may be attributed to 
abnormal genetic behaviour due to treatment with combined and individual 
physical and chemical mutagens, with the increase in mutagenic concentration, 
the frequency of PMCs that showed chromosomal stickiness and cytomixis 
increased. According to Kaul (1971), some chemicals may be responsible for 
cytomixis. Our consistent failure to find chromosomal stickiness and cytomixis 
in controlled plant confirms this view. In the present investigation, the 
reduction in frequency of PMCs showing variation in chromosome number was 
observed in the population treated with higher concentrations of mutagen but 
cytoplasmic connections between the meioc>tes was of common occurrence, 
thereby suggesting that stickiness prevents the migration of chromosomes from 
one cell to another. 
Migration of chromatin material among the adjacent meiocytes also 
occurred through cytoplasmic connections originating from the pre-existing 
system of plasmodesmata formed within the tissues of the anther. The 
plasmodesmata become completely obstructed by the deposition of callose, but 
in some cases they still persist during meiosis and increase in size, forming 
conspicuous intermeiocyte connections or cytomictic charmels that permit the 
transfer of chromosomes (Falistocco et al, 1995). Cytomixis is considered to 
be of less evolutionary importance but it may lead to the production of 
aneuploid plants with certain morphological characteristics (Sheidai et al, 
1993) or produce unreduced gametes as reported in Aegilops (Sheidai et al., 
2002). Unreduced gamete formation is of evolutionary importance leading to 
the production of plants with higher ploidy levels. Cytomixis by producing 
aneuploid pollen grains may also be responsible for reduction in pollen fertility. 
Comparative mutagenecity of EMS, gamma rays, MMS and their 
combinations in the two varieties viz., minor and major of broad bean reflect 
the differences in their genome architecture as the former exhibited much 
induced biological damage than the latter. Thus, it can be inferred that 
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mutagcnccity is ultimately determined by genome itself. Khamankar (1984) 
working with Lycopersicon esculentum reported that the rate of mutations was 
different with different mutagens at certain loci. Some of the gene loci affected 
by one mutagen were not necessarily affected by the other. However, the 
results of the present study differs from the results of some earlier workers who 
have found that bold seeded types were more sensitive to mutagens than the 
small seeded types (Sharma, 1986 and Reddy et al, 1992). 
Micronuclei generally arise from fragments and lagging chromosomes 
which failed to reach the poles and get included in the daughter nuclei (Kumar 
and Dubey, 1998b). Laxmi et al. (1975) suggested that irregular distribution of 
acentric fragments or laggards results in the formation of micronuclei at 
telophase resulting in variation in number and size of pollen grains obtained 
from the pollen mother cell. Micronuclei at dyad or tetrad stage of PMCs in 
mutagen treated population might have resulted due to non-orientation of 
chromosomes and laggards since they were of frequent occurrence. 
Micronuclei lead to the loss of genetic material. Their presence, therefore, 
suggests that the resultant product of meiotic division is deficient in one or the 
other chromosome. This usually leads to the formation of sterile pollen grains. 
Multinucleate condition may be explained to a particular genotypic change 
suppressing the organizing capacity of nucleolar chromosome and inducing the 
formation of adventitious nucleoli. 
The occurrence of large pollen grains (possibly 2n pollen grains) with a 
frequency of 1.15% was observed in treated populations. A numerically 
unreduced diploid, or 2n gamete is a meiotic product that bears the sporophytic 
rather than the gametophytic chromosome number. Such gametes result from 
abnormalities during microsporogcncsis (2n pollen). Unreduced gamclcs arc 
known to produce individuals with higher ploidy level through a process 
known as sexual hybridization (Villeux, 1985). According to Harlan and Dewet 
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(1975), sexual polyploidization is the major route to the formation of naturally 
occurring polyploids. 
Disturbed polarity at anaphase and telophase stage could be due to 
spindle disturbance. Disturbed polarity was also reported by Sharma et al. 
(2004) in chickpea and Bhat et al. (2006) in Viciafaba L. 
Intervarietal differences in the radiosensitivity has been reported by 
many workers (Kumar and Dubey, 1998; Dhamyanthi and Reddy, 2000; 
Zeerak, 1991; Singh, 2003; Bhat et al, 2006a). These differences were 
attributed to differences in cell volume, nuclear volume, chromosome volume 
and DNA amount and presence of protective or sensitising substances (Sparrow 
and Evans 1961; Alimad and Godward, 1981, Bhat et al, 2005b). 
Most of the workers have in general concluded that gamma rays were 
more effective than chemical mutagens in causing chromosomal abnormalities. 
However, in the present study the frequency of aberrations was greater in the 
combination treatments than in the individual treatments, it is therefore, 
concluded that EMS and MMS too are able to induce a sufficient amount of 
meiotic aberrations. Singh et al (1989) and Roy (1989) in lentil reported that 
EMS is highly efficient in inducing chromosomal aberrations equal to that of 
physical mutagens. Among different stages of meiosis, the frequency of 
meiotic aberrations was maximum at metaphase stage in the present study. 
Similar observations were reported by Mitra and Bhowmik (1996) in Nigella 
sativa, Kumar and Dubey (1998 c) in Lathyrus sativus L. Bhat et al (2006). 
For most of the combination treatments, the coefficient of interaction 
(K) was less than additive however, additive or synergistic effect was obtained 
at 20kR+0.2% EMS in var. major in M, plants, 20kR+0.2% EMS in both var. 
minor and major in M2 and M3 plants. Similar result has been reported by 
Sharma et al (2004) in chickpea. Less than additive effects for chromosomal 
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aberrations were also reported by Khalatkar and Bhatia (1975) in barley and by 
Bhamburkar and Bhalla (1985) in blackgram. 
In the present investigation, a dose dependant decrease in the chiasmata 
frequency was observed in various treatments. The average frequency of 
chiasmata per cell decreased with an increase in univalents and rod bivalents in 
each treatment. The reduction in chiasma frequency can be attributed to an 
increase in rod bivalents and univalents (Anis et al, 2000). Similar 
observations were reported by Banneti and Raees (1970) in rye and 
Sadanandam and Subash (1984) in Capsicum. 
Chiasma frequency as influenced by each of the mutagen, exhibited 
marked differences among the mutagens. However, there was a reduction in 
chiasma frequency at all treatment doses. The reduction was greater in 
combination treatments than individual mutagenic treatments. 
The results on the effect of EMS, MMS, gamma rays and their combi-
nation treatments on chiasma frequency revealed that the treatments caused a 
decrease in the frequency of chiasmata per PMC and per bivalent as compared 
to controls in both the varieties of Viciafaba L. Previous studies on the effect 
of X- and gamma irradiation on chiasma frequency by treating the floral parts 
indicated an increase in some cases (Mather, 1934; Darlington and La Cour, 
1953) and no change (Darlington and La Cour, 1953; Sybenga, 1960). Based 
on a detailed study on the effect of irradiation of different developmental stages 
in microsporogenesis on chiasma frequency in Lilium and Tradescantia it has 
been concluded that the sensitive periods are restricted to late zygotene-early 
pachytene stage (Lawrence, 1961). 
A comparison on the effect of phj'sical and chemical mutagens on 
chiasma frequency in the two varieties of Vicia faba L, revealed marked 
differences among the mutagenic agents on one hand and the differential 
response of the two genotypes on the other hand. In combination treatments 
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decrease in the frequency of chiasmata was more than the individual 
treatments. The chemical mutagens, in general, caused a higher reduction in 
chiasma frequency than physical agents. It has been shown in Lilium that the 
chiasma frequency can be, influenced by small doses of mutagenic agents 
(Lawrence, 1961). Studies in Viciafaba L. have revealed that the treatments 
with chemical mutagens induced higher sterility and mutations than radiations 
compared at a common biological parameter (Sree Ramulu, 1970). Further, it 
was also shown the genotypic differences to exist in Vicia faba L. varieties 
following mutagen treatments with regard to various biological parameters 
including mutations. Jain and Basak (1965) working on Delphinium reported 
that mutagen treatments induced univalent formation through cryptic structural 
changes in 'some of the chromosomes which restrict pairing and in this way 
reduce chiasma frequency. The results in the present study reveal that the 
induction of structural changes and univalent formation might also be respon-
sible for the alteration of chiasma frequency due to mutagenic treatments in the 
different varieties of Viciafaba \.. 
Reduction in chiasma frequency can be attributed to the nature and 
potency of mutagens and to the underlying factors such as complex structural 
change or to the nature of genes responsible for chiasma formation. During 
mutagenic treatment decrease in chiasma frequency may be at two main 
radiosensitive stages namely DNA synthesis and at or slightly before chiasmata 
formation. Many factors such as temperature, season, age, amount and position 
of heterochromatin in the chromosomes affect recombination and therefore, 
chiasmata, DNA and certain proteins have a specific role in chiasma formation 
(Venora e/a/., 1995). 
A comparison of the chiasma frequency in both the varieties revealed 
that the var. minor recorded maximum reduction in chiasma frequency than the 
var. major indicating its greater sensitivity and response to physical and 
chemical mutagens. Variation in chiasma frequency between the two varieties 
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might be due to the differences in the frequencies of ring and rod bivalents in 
them. Redmann and Borgornkar (1996) in some members of Hordeae reported 
open bivalent formation to be responsible for variation in chiasma frequency 
per bivalent. The low rate of chiasma frequency in a variety can be attributed to 
a comparatively lower recombinational value of genes in them (Haque, 1983). 
Varietal sensitivity has also been reported in Sorghum (Ramulu, 1974), Arachis 
hypogaea (Venkatachalam and Jayabalan, 1995). 
The degree of fertility depends directly on the number of chiasmata and 
hence, studies in the pairing of homologous chromosomes and chiasmata 
frequency, are helpful in understanding the fertility of a species or variety. 
Studies on various quantitative characters in M| generation have 
revealed that no appreciable changes were caused among different polygenic 
traits as was indicated by the pooled mean values of different mutagens for 
various quantitative traits. However, the mutagenic effect was clearly evident at 
different concentrations of all the mutagens leading to both increase and 
decrease in plant height (cm), number of flowers per plant, number of fertile 
branches per plant, number of pods per plant, number of seeds per pod, pod 
length (cm), pod girth (cm), number of leaves per plant, 100-seed weight and 
total yield per plant at different mutagenic treatments. Combination treatments 
also induced both negative and positive shifts for the above polygenic traits 
whereas, lower dose treatments of EMS, gamma rays and MMS showed 
stimulatory effects especially for 100-seed weight and total yield per plant in 
both the varieties in almost all the treatments. Reduction in the mean values of 
above quantitative traits and also delayed flowering and maturity were common 
features of mutagenic treatments reported earlier in various crops (Kumar and 
Dubey, 1998a, 1998b; Bhat et al 2006). The increase in 100-seed weight and 
total yield per plant in most of the mutagenic treatments in the present study 
was also in accordance with the findings of Kumar and Dubey (1998a, 1998b). 
Since no appreciable change was noticed in the pooled mean values for various 
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quantitative characters. In the present study it may be due to exclusion of 
macromutations from the assessment of mean in M] and data was recorded on 
normal looking plants only. 
The scoring of chlorophyll mutations in M2 generation has proved to be 
most dependable index for evaluating the genetic effects of mutagenic 
treatments (Gustaffson,1951).The occurrence of chlorophyll mutations after 
treatments with physical and chemical mutagens has been reported in lentil 
(Sharma and Sharma, 1981a; Solanki, 2005); Lathyrus sativus (Das and 
Kundagrami, 2000); blackgram (Singh et al, 1999); Nigella sativa (Mitra and 
Bhowmik, 1999); mungbean (Singh and Yadav, 1991; Singh et al, 2000a) and 
broad bean (Bhat et al, 2007b). 
In the present investigation, six different types of chlorophyll mutations 
were isolated viz., albina, xantha, chlorina, maculata, virescence and tigrina. 
Chlorophyll development seems to be controlled by many genes located on 
several chromosomes (Goud, 1967a) which could be adjacent to centromere 
and proximal segment of chromosome (Swaminathan, 1964, 1965a). Mutation 
in these chlorophyll genes may induce chlorophyll mutations. It is interesting to 
note that chlorophyll mutations increased with the increase in 
dose/concentration of EMS, gamma rays, MMS and their combination 
treatments except in 0.04% MMS in individual treatments and at 20kR+0.04% 
MMS in combination treatments in both the varieties. It seems that strong 
mutagens reach their saturation point even at lower doses in the highly mutable 
genotypes and any further increase in the dose does not add to the mutation 
frequenc}'. With the increase in dose beyond a point, the strong mutagens 
become more toxic than the higher doses of relatively weaker mutagens 
(Filiipeti et al, 1977). Similar observations were reported by Kharkwal 
(1998b) in chickpea and Mitra and Bhowmik (1999) in Nigella sativa and 
Parveen et al (2006) in Trigonella foenum-graecum. Dose dependent increase 
in chlorophyll mutations was also reported in mungbean (Bahl and Gupta, 
203 
1982), Catharanthus (Venkateswarlu et al, 1988), Nigella sativa (Mitra and 
Bhowmik, 1999), grasspea (Das and Kundagrami, 2000) and broad bean (Bhat 
et al., 2007a). 
Combination treatments in general induced maximum frequency of 
chlorophyll mutations indipating their greater effectiveness, whereas MMS 
proved to be more effective than gamma rays and EMS. Several workers have 
reported high mutation frequency in legumes following treatments with 
chemical mutagens as compared to the physical mutagens (Tripathi and Dubey, 
1992; Kharkwal, 1998b; Singh et al, 2000a). The high incidence of 
chlorophyll mutations induced by EMS in the present investigation may be due 
to its specificity to affect certain regions of chromosome (Natrajan and 
Upadhya., 1964). According to Swaminathan (1965b) preferential action of 
chemical mutagens on chlorophyll developing genes is responsible for increase 
of chlorophyll mutations in EMS treated plants. 
The occurrence of chlorophyll mutations in the present study showed 
predominance of chlorina and xantha followed by maculata, tigrina and other 
types in both the varieties. The frequency of chlorina was comparatively more 
in combination treatments than the individual mutagenic treatments and its 
highest frequency was obtained in combination treatment of 20kR+0.04% 
MMS. This confirmed the results of Kalia et al. (1981), Singh et al. (1999) and 
Bhat et al. (2005). It is generally believed that ionizing radiations produce a 
high frequency of albina type of chlorophyll mutations and chemical mutagens 
produce high frequency of other types such as chlorina and xantha (Sharma and 
Sharma, 1981a; Sarkar and Sharma, 1989b). Contrary to this, Kharkwal 
(1998b) obtained high frequency of albina followed by chlorina and xantha in 
chickpea. 
The greater effectiveness of combined treatments in inducing 
chlorophyll mutations has been reported by many workers (Gautam et al, 
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1992; Bhat et al, 2006). Although less than additive effects were obtained for 
most of the combination treatments, additive and synergistic effects were also 
obtained in some combination treatments (20kR+0.04% MMS in var. minor 
and lOkR+0.1% EMS in var. major). These results were in conformity with 
other workers (Venkateswarlu et al, 1988; Gautam et al, 1992). Prasad and 
Das (1980c) concluded that if both mutagens compete for the same site, the 
effects are completely independent of each other. It could either be additive or 
less than additive. Synergistic effects of combined treatments have been 
attributed by Sharma (1970) to either, (i) the first mutagen treatment makes 
accessible otherwise non available sites for reaction to the second mutagen, and 
(ii) premiitational lesions induced by the first mutagen become fixed due to an 
inhibitor}' effect of the second mutagen on repair en2ymes. Both these 
pathways should yield a frequency of mutations higher than the total of two 
mutagens. On the other hand Mohan Rao (1972) attributed additive effect to 
the differential mechanism of action of these mutagens in inducing mutations. 
In the present study, chlorophyll mutation frequency was maximum in var. 
minor than var. major indicating its greater sensitivity and response to physical 
and chemical mutagens. Similar varietal sensitivity has been reported in urd 
bean (Singh, et al, 1999), chickpea (Kharkwal, 1998b; Wani and Anis, 2004) 
grasspea (Das and Kundagrami, 2000) and broad bean (Bhat et al 2006). 
Such significant differences may be due to genotypic differences 
existing between the two varieties. Infact genetic differences even of a single 
gene induce significant changes in mutagen sensitivity which influence not 
only the rate but also the spectrum of recoverable mutations (Kaul and Murthy, 
1985). 
In the present investigation high rate of chlorophyll mutations was 
recorded. The occurrence of such a high rate of mutation may be attributed to 
the method of treatment, efficient scoring and handling of the mutagenised 
populations (Anis and Wani, 2004). 
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The usefulness of a mutagen depends both on its effectiveness and 
efficiency, efficient mutagenesis being production of maximum desirable 
changes accompanied by the least possible undesirable changes. Mutagenic 
effectiveness is a measure of frequency of mutations induced by unit dose of 
mutagen, whereas, mutagenic efficiency is indicative of proportion of 
mutations as against undesirable biological effects such as gross chromosomal 
aberrations, lethality and sterility (Konzak et ah, 1965; Nilan, 1967). 
Mutagenic effectiveness and efficiency has been worked out in large 
number of plants by many workers e.g., lentil (Sharma and Sharma, 1981a), 
Catharanthus roseus (Bhattacharjee et al, 1998), blackgram (Khan, 1999). 
Prasad (1972) and Nerker (1977) studied the effectiveness and efficiency of 
various mutagens and concluded that alkylating agents were more effective and 
efficient in inducing mutations. Furthermore, the lower doses of mutagens were 
more efficient and effective as compared to the higher doses. 
In the present investigation the degree of effectiveness and efficiency 
varied among different mutagens with respect to the two varieties. In general, 
the var. minor showed greater response to mutagenic treatments than var. 
major. Similar differences in mutagenic response have also been reported by 
Sharma and Sharma (1981a), Kharkwal (1998a) and Khan (1999). 
Mutagenic effectiveness decreased with an increase in the concentration 
of EMS in var. minor, whereas, in var. major random effectiveness was 
observed in the different concentrations of EMS. The mutagenic effectiveness 
showed decreasing trend in the doses/concentrations of gamma rays and MMS 
in both the varieties with an exception of 0.01% MMS in var. major. The 
combined mutagenic treatments showed decreasing effectiveness in both the 
varieties with an exception of 20kR+0.04% MMS. Combination treatments of 
gamma rays with EMS and MMS proved to be most effective than the 
individual doses/concentrations of gamma rays, EMS and MMS. Kharkwal 
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(1998a) concluded that chemical mutagens were not only more effective, but 
also more efficient than the physical mutagens in inducing mutations in 
chickpea. The greater effectiveness of chemical mutagens over the physical 
ones has also been reported by Bhattacharjee et al. (1998), Geetha and 
Vaidyanathan (1997) and Thakur and Sethi (1995). The decrease in 
effectiveness at higher treatments may be attributed to the failure in 
proportional increase of mutation firequency with increase in 
dose/concentration of the mutagens. Similar results were obtained by Nerker 
(1977) in Lathyrus sativus and Singh and Chaturvedi (1980) in Vigrta radiata. 
Mutagenic efficiency calculated on the basis of inhibition, lethality, 
sterility, injury and meiotic aberrations showed random values in individual 
and combined treatments. The individual treatments of MMS showed more 
mutagenic efficiency on' the basis of inhibition followed by combined 
treatments of gamma rays with MMS and the least mutagenic efficiency was 
found in individual doses of EMS and gamma rays in var. minor, whereas the 
mutagenic efficiency calculated on the basis of inhibition was found more in 
combined doses of gamma rays with EMS and individual doses of gamma rays 
and EMS in var. major. The least values of mutagenic efficiency on the basis of 
inhibition in var. major were calculated in individual concentrations of MMS. 
The individual treatments of MMS showed more mutagenic efficiency 
calculated on the basis of injury followed by gamma rays and combined doses 
of gamma rays with MMS in var. minor, whereas the mutagenic efficiency on 
the basis of injury was more in EMS followed by MMS and combined doses of 
gamma rays with EMS in var. major. The individual treatments of EMS 
showed more mutagenic efficiency calculated on the basis of lethality followed 
by gamma rays and MMS in var. minor, whereas the mutagenic efficiency 
calculated on the basis of lethality was more in gamma rays followed by EMS 
in var. major. 
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Mutagenic efficiency varied with respect to seedling injury, lethality, 
sterility and meiotic aberrations. In general, mutation rate based on lethality 
(Mf/L) was highest followed by meiotic aberrations (Mf/M), whereas, it was 
lowest in case of sterility (Mf/S). Combination treatments showed highest 
mutation rate, indicating their greater efficiency followed by EMS. Gamma 
rays were least efficient. Such variations in the mutagenic efficiency based on 
different criteria used has also been reported by Sharma and Sharma (1981a) in 
lentil. Dixit and Dubey (1986) in lentil; Geetha and Vaidyanathan (1997) in 
soyabean; Bhatacharjee etal. (1998) in Catharanthus roseus. 
Although the chlorophyll mutations do not have any economic value due 
to their lethal nature, such a study could be useful in identifying the threshold 
dose of a mutagen that would increase the genetic variability and number of 
economically useful mutants in the segregating generations. 
In addition to the chlorophyll mutations, a wide spectrum of viable 
mutations (macromutants) affecting plant habit, leaf and flower characteristics, 
maturity, branching, seed shape, seed size, seed coat colour was observed in M2 
population. The frequency of these morphological mutants was different in 
different mutagenic treatments in the two varieties. Individual treatments 
induced more frequency of viable macromutations than the combined 
treatments in both the varieties. Among the individual mutagens used, gamma 
rays were more effective followed by EMS and MMS in inducing viable 
macromutations in both the varieties. Among the combination treatments, 
gamma rays combined with MMS induced more frequency of viable 
macromutations than the combination of gamma rays and EMS. In general, 
maximum frequency of morphological mutations was induced by the 
intermediate treatments of EMS, gamma rays and MMS and lower combination 
treatments. The most striking mutants obtained in the present investigation 
were tall, dwarf, semi-dwarf, broad leaf, small/narrow leaf, bold seeded, early 
maturity, thick poded, pods in bunches, long poded, flat seeded, giant seeded 
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and seed coat with different fascinating colours. All these mutants were true 
breeding and were confirmed by M3 generation. Such types of morphological 
mutants were also reported earlier in chickpea (Kharkwal, 1981a, 1981b; Kalia 
et al, 1981; Khanna, 1981; Haq et al, 1989) following treatments with 
physical and chemical mutagens. Recently, induced male sterile mutant 
(Mathur and Lai, 1999), apinnate mutant (Wani and Anis, 2000) and fascinated 
mutant (Gaur and Gaur, 1999) have been reported in chickpea. Kharkwal 
(2000) has extensively reported a number of morphological mutations affecting 
almost all parts of the plant in chickpea. Various investigations have suggested 
that the possible cause of these macromutations may be chromosomal 
aberrations, favourable chromosomal re-arrangements (Bhat et al, 2006), small 
deficiencies or duplications, and most probably gene mutations (Singh et al, 
1980). Several workers have reported that these viable mutations were 
monogenic and recessive in nature controlled by one or more recessive genes 
(Singh and Yadav, 1982; Singh et al, 1987). In addition to the simple viable 
mutations, multiple mutations affecting two or more characters particularly 
those of leaf and seed were found in the present study. Patil (1966) attributed 
this phenomenon to either mutation of pleiotropic gene, mutation of gene 
clusters or loss of chromosomal segments. Gaul (1961) interpreted the 
occurrence of such mutants due to chromosomal rearrangements or deletions. 
A wide range of morphological mutations have been reported in different crop 
plants such as Vigna mungo (Raisinghani and Mehna, 1994; Singh, 1996), 
mungbean (Singh and Yadav, 1991; Singh et al, 1999; Singh et al, 2000a) 
pigeon pea (Rao and Reddy, 1984) and Viciafaba L. (Bhat et al, 2006). 
The different spectrum and frequency of macromutations found in the 
genetically different varieties under study have also been reported earlier in 
bengal gram (Nerker and Mote, 1978), lentil (Sharma and Sharma, 1981b) 
pigeon pea (Rao and Reddy, 1984) urdbean (Singh et al, 1999). The more 
frequent induction of certain mutation types by a particular mutagen may be 
attributed to the fact that the genes controlling these characters might be more 
' 209 
responsive to either alkylating agents or ionizing radiations or may be due to 
differential mode of action of the mutagens on different base sequences in 
various genes. 
Mutants defective in almost every aspect of development have been 
identified in annual seed plants, which provide valuable information in the field 
of developmental cytogenetics. The mutant showed premature fall of flowers 
and leaves and was completely sterile, no pod and seed setting was observed. 
The normal development of floral parts such as calyx, corolla, androecium and 
gynoecium did not develop. It suggests the pleiotropic effect of mutated genes 
or mutation of closely linked genes affecting floral whorl development 
simultaneously (Waghmare and Mehra, 2000). This forms first report of its 
kind on induction of closed flower mutant in Vicia faba L. var. minor. The 
cytological investigation revealed various chromosomal aberrations such as 
multivalents, stickiness, precocious separation, fragment, laggards, bridges, 
non-disjunction, disturbed polarity and micronuclei etc. in this mutant. The 
closed flower mutants may be due to unfavourable chromosomal 
rearrangement (Bhat et ah, 2006). The progeny of these mutants could not be 
maintained due to non-availability of seeds. Hence, the progenies of these 
mutants could not be studied. 
The occurrence of chromosomes in the form of bivalents at the early 
stages of meiosis (Pachytene) and chromosomes in the form of univalents at 
diakinesis and metaphase-I indicated the desynaptic nature of the mutants. 
The failure of chromosome pairing was classified by Prakken (1943) 
into 3 categories: i) Weak, ii) medium-strong and iii) complete. The 'weak' 
category is characterized by a nearly normal meiotic behaviour. In 'medium-
strong' category, some of the chromosomes remain unpaired at metaphase-1, in 
'complete' category occurrence of bivalent association is extremely rare and 
univalent configurations as a general rule. 
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In the present study, tlie meiotic behaviour of the desynaptic plants 
confirms the occurrence of medium-strong category as earlier reported in 
Zinnia haegeana (Singh and Gupta, 1981), Atylosia lanceolate (Tripathi, 
1988), Chilli (Raja Rao and Aniel Kumar, 1983), Safflower (Prasad and 
Prasad. 1983), and Cicer arietinum (Kumar and Sharma, 2001). 
The useful variability is a pre-requisite for crop improvement. 
Therefore, the first step in any breeding program would be the search for such 
variability. In some crops such as maize, wheat and rice, a wide range of 
natural variability is known to occur in world collections. However, in some 
other crops such as legumes the available natural variability is not rich. In 
broad bean the shortage in genetic variability in the available stocks is a major 
handicap for its improvement. This is the main reason that many problems in 
this crop such as yield instability, susceptibility to insects etc. have remained 
unsolved. 
Mutagenesis has proved to be a handy tool to enhance the natural 
mutational rate, thereby enlarging the genetic variability and increasing the 
scope for obtaining desired selections. The induction of promising 
micromutations in the polygenic system, controlling the quantitative characters 
is important for crop improvement. From the work already reported by several 
authors (Bhatia and Swaminathan, 1962; Gaul, 1965; Chatiirvedi and Singh, 
1980; Khan, 1984; Sharma, 1986) especially in self-pollinated crops. It is quite 
clear that polygenic mutations have resulted considerable variability in 
mutagen treated population. In recent years, the role of mutation breeding in 
increasing the variability in quantitative characters has been proved beyond 
doubt (Mehetre et al, 1990; Srivastava and Singh, 1993; Ignacimuthu and 
Babu, 1993; Tickoo and Chandra, 1999; Solanki and Sharma, 1999; Waghmare 
and Mehra, 2000). Alkylating agents and more particularly the combination 
treatments of physical and chemical mutagens have been reported to induce 
more variability as compared to individual physical mutagens (Abdulla and 
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Hussein, 1977; Singh and Chaturvedi, 1982; Solanki and Sharma, 1999; Singh 
et al, 2000b). Higher effectiveness of alkylating agents over gamma rays is 
now almost a confirmed fact (Kharkwal, 1978; Sharma, 1980; Sarkar and 
Sharma, 1987b; Singh, 1988c). 
The degree of success in the genetic improvement of particular trait(s) in 
crop plants depends on the magnitude of genetic variability and the breeding 
methodology adopted. Since most of the economically important characters are 
influenced by environmental factors, estimates of genetic parameters like 
genotypic coefficient of variation, heritability and expected genetic advance 
(percent of mean) are needed to formulate suitable breeding procedures and 
foresee the possibilities as to what limit a particular trait could be improved. 
The increase in genetic variability and heritability estimates due to mutagenic 
treatments indicates the induction of micromutations governing the quantitative 
parameters. On the other hand, increase in heritability estimates in M2 and M3 
generations also indicates that significant gain could be expected from 
selection. 
In the present investigation, data on twelve quantitative characters viz., 
days to flowering, number of flowers per plant, plant height, days to maturity, 
number of fertile branches per plant, number of pods per plant, mean pod 
length, mean pod girth, number of leaves per plant, number of seeds per pod, 
100-seed weight and total yield per plant were analyzed to assess the extent of 
induced variability in Mi, M2 and M3 generations of the two varieties of broad 
bean. 
The mean shifted in positive and negative direction for all the 
quantitative traits in the present investigation. The positive shift was more 
pronounced at the lower or intermediate dose treatments, whereas, negative 
shift was observed at higher dose treatments except for days to flowering and 
maturity where reverse was true. Moreover, there was fiirther increase in mean 
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values towards positive direction for yield and yield contributing traits in M3 
generation as compared to M2. The increase in mean values coupled with 
increased variability in M3 as compared to M2 especially for yield contributing 
traits suggested that there was scope for further selections in the M3 
populations. There are different opinions regarding the direction of mutations. 
Satyanarayana et al. (1993) in rice found increase in the mean values of 
quantitative characters in M2 and M3 generation and explained this change as a 
consequence of elimination of inferior lethal genes. By using physical and 
chemical mutagens, many workers have found mean values decreasing 
significantly for most of the characters in M2 generation (Virk et al, 1978; 
Brock, 1965a; Tickoo and Chandra, 1999). They attributed the decline to either 
physiological damage caused chiefly by chemical mutagens or chromosomal 
aberrations caused mainly by irradiations. These physiological disturbances get 
eliminated progressively in the subsequent generations. Brock (1965a) 
observed that random mutations in characters with definite selection history, 
shift the mean away from the control mean, in the direction opposite to the-
previous selection history. Contrarily, it is proposed that random mutations 
bring about unidirectional change in the mean values of almost all the 
quantitative characters of interest to the plant breeder (Gaul and Aastveit, 
1966). The change is independent of genotype, but is associated with vitality. 
Another group of workers believe that mean remains almost unchanged 
although there is an increase in variance due to mutagenic treatment indicating 
bidirectional mutations (Upadhya and Singh, 1979; Rao, 1974). It is generally 
believed that in a population selected for high mean, the induced mutations 
would reduce the mean since the desirable genes would be mutated to 
undesirable ones. This may be true when the proportion of unfavorable genes is 
more than favorable genes, so that possibility of unfavourable mutations is 
more. The mean performance of a population having equal proportion of 
favourable and unfavorable genes would remain unchanged since mutations in 
plus and minus directions will be equal likely. The approximation of the mean 
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of mutated lines to those of control can also be explained on the basis of 
Gregory's model (Gregory, 1968), where the number of plus and minus effects 
are essentially equal if the results of the individual changes are exceedingly 
small. Shift in mean values in both positive and negative direction after 
mutagenic treatments has been reported by many workers (Abdalla and 
Hussein, 1977; Sinha and Joshi, 1986; Mehetre et al, 1990; Waghmare and 
Mehra, 2000; Singh et al, 2000b). Most quantitative characters have a complex 
genetic determination involving large number of genes interacting with one 
another. Consequently variation in both directions is expected. From the results 
of present investigation it could be concluded that induced mutations are 
random, polydirectional and quantitative in nature and cause heritable changes 
in polygenic systems. Besides, it is obvious from the results that the direction 
of mutation depends upon the genotype/character under study and the dose 
applied. 
Mean days to flowering increased and deceased significantly in M2 
generation. However, the flowering time reduced fiirther in most of the 
treatments in M3 generation. The flowering time was reduced by 7-9 days at 
0.1% EMS, 6-8 days at lOkR gamma rays and 4-6 days in 0.01% MMS in var. 
minor and 8-10 days at 0.1% EMS, 7-10 days at lOkR gamma rays and 6-9 
days in 0.01% MMS in var. major in M3 generation. Reduction in flowering 
time accompanied by increase in variability indicated that variability has been 
induced in desired direction and would offer the possibility for selecting early 
flowering mutants in such treatments. Reduction in flowering time after 
mutagenic treatments has also been reported by different workers (Singh et al, 
2000 b; Waghmare and Mehra, 2000). Oka et al (1958) reported that the 
average number of days to flowering was not altered much in some of the 
treatments indicating that mutations in major and minor genes had been in both 
the directions i.e., earliness as well as for lateness. Satyanarayana et al (1993) 
reported increase in flowering time in M3 than in M2 generation and attributed 
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this to the elimination of inferior lethal genes and also to the fixation of 
favourable genes for this trait in the populations. 
Plant height decreased considerably at higher treatments in M2, whereas, 
lower and intermediate treatments showed stimulatory effect. Maximum 
increase in plant height was 6.00 cm and 4.47 cm in var. minor and var. major 
in M3 generation and minimum reduction was observed at 20kR+0.03% MMS 
in both the varieties. The plant height increased both in M2 and M3 in all the 
lower and intermediate individual and combined treatments. The occurrence of 
mutations with equal frequency towards positive and negative directions may 
be considered as an important reason to justify the tendency of positive and 
negative shifts in the mean values for plant height in treated populations 
(Gregory, 1965). Significant decrease in plant height has been reported in 
mungbean (Mehetre et al, 1990); Vicia faba (Abdalla and Hussein, 1977); 
triticale (Sinha and Joshi, 1986) and grasspea (Waghmare and Mehra, ,2000) 
after treatments with physical and chemical mutagens. Reduction in plant 
height coupled with decrease in the variance in M3 might be attributed to the 
fixation of genes controlling reduction in plant height (Satyanarayan et al, 
1993). Subba Rao (1988) has attributed the growth depression to slow rate of 
cell division, decreased amylase activity and increased peroxidase activity. 
Such a correlation between the enzyme activities and growth has also been 
reported by Rao (1980) and Rao and Rao (1982). Reduction in growth due to 
EMS seems to be due to its exceptionally high potency of inducing 
chromosomal breakages. Singh et al, (2000b) reported increase in plant height 
in urd bean whereas, Das and Prasad (1978) have achieved dose dependent 
increase or decrease in the plant height in M2 generation oiLathyrus sativus. 
The mean maturity time significantly reduced by 2-6 days in the 
intermediate dose treatments in M2 generation, whereas, higher doae treatments 
increased the maturity time. The most desired treatment being 0.1% EMS 
which reduced maturity time by 10-12 days in both the varieties. The mean 
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maturity time was, however, reduced by 6-9 days in most of the treatments in 
M3 generation. Reduction in days to maturity after mutagenic treatments has 
also been reported in grasspea (Waghmare and Mehra, 2000) and urdbean 
(Singh et ah, 2000b). Variation in flowering and maturity period in induced 
early mutants is generally considered to have parallel relation. However, early 
flowering mutants that are not early maturing (Tedin, 1954) or early maturity 
mutants with normal flowering date have also been reported in different crops 
(Porsche, 1963). 
The number of fertile branches increased in most of the treatments. 
However, a significant reduction was observed at higher treatments of all the 
mutagens in the M2 generation. The mean number of branches increased further 
in M3 for all the treatments, indicating mutations in positive direction for this 
trait. The most effective treatments in this regard were 0.1% and 0.2% EMS in 
both the varieties. These results are in agreement with other workers (Mehetre 
et al, 1990; Singh et al, 2000b; Waghmare and Mehra, 2000) who also 
reported an increase in mean number of branches after treatments with physical 
and chemical mutagens. 
It is interesting to note that the treatments which showed increase in 
number of branches per plant also showed increase in number of pods per 
plant, suggesting close correlation between these two traits. Both these 
characters showed further increase in the M3 generation. This indicated that 
induced additional variability for these traits was in positive direction and the 
selection was effective in the M3 generation. The decrease in number of pods 
per plant at higher treatments in M2 generation was probably due to high 
sterility that existed in these treatments. However, occurrence of polygenic 
mutations towards negative direction could not be denied in such cases. It 
should be noted here that increase in mean number of pods per plant in M3 was 
associated with increase in genetic parameters in most of the treatments. Such 
associations of increased mean with high variability suggested scope for further 
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selection in the M3. Similar results were obtained in mungbean (Tickoo and 
Chandra, 1999). Some workers reported an increase in the number of pods per 
plant (Ignacimuthu and Babu, 1992; Singh et al, 2000b; Kalia et al. 2003; 
Kharkwal, 2001), others reported decrease in number of pods per plant 
(Mehetre et al, 1990 Srivastava and Singh, 1993; Tickoo and Chandra, 1999) 
while still others reported both increase and decrease in number of pods per 
plant in M2 generation (Waghmare and Mehra, 2000; Abdalla and Hussein, 
1977; Upadhyaya and Singh, 1979) after treatments with physical and chemical 
mutagens. The decrease in number of pods per plant at higher treatments is 
probably due to high sterility caused by such treatments. However, occurrence 
of polygenic mutations towards negative direction also cannot be denied. 
The physical, chemical and combination mutagenic treatments induced 
significant positive shift in mean coupled with increase in genetic parameter in 
the mean pod length and pod girth in both the varieties at lower and 
intermediate treatments, but the higher treatments induced negative shift in 
mean though coupled with increase in genetic parameters in M2 generation. 
The selected treatments showed fiirther improvement in shift in mean and 
genetic parameters in M3 generation. The shift in mean of pod length arid pod 
girth has been repqrted earlier (Dawwarm et al, 1991; Kalia et al, 2003; Joshi 
and Venna, 2004; Bhat et al, 2006). 
Mean number of seeds per pod also showed significant increase in the 
treated populations. The significant increase in the overall shift in mean was 
achieved in lower and intermediate treatments in both the M2 and M3 
generations. The increase in number of seeds per pod was associated with 
increase in variability fi-om M2 to M3 generation indicating that selection in M2 
was effective and this trait could be improved through further selection in M3. 
Increase or decrease in number of seeds per pod due to mutagenic treatment 
has been reported earlier by several workers (Khan, 1984; Tickoo and Chandra, 
1999; Singh et al, 2000b; Kharkwal, 2001; Bhat et al, 2006). It is suggested 
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that increase in number of seeds per pod in M3 is probably due to the 
individuals carrying sterility because of chromosomal abnormalities or due to 
mutations that were more frequent in M2 have been eliminated in the M3 
generation (Waghmore and Mehra, 2000). The depressant effect of mean 
number of seeds per pod is due to the high sterility induced by the higher dose 
of mutagens or due to the incidence of detrimental mutations at higher rate 
(Bhatia and Swaminathan, 1962). 
100-seed weight increased significantly in most of the treatments in the 
M2 and showed further increase in all the treatments in M3 generation. EMS 
and combination treatments were most effective in this regard. Increase in seed 
weight coupled with increase in heritabilit>- was noted from M2 to M3 
generation indicating possibilities for further selection of bold seeded 
genotypes in M3 generation. This character has been reported to be governed by 
less number of genes unlike other polygenic traits (Ghose et al, 1960). 
Increase in seed weight after mutagenic treatment has been reported in 
mungbean (Khan, 1984); triticale (Sinha and Joshi, 1986); Lathyrus sativus 
(Singh and Chaturvedi, 1990); urd bean (Singh et al, 2000b) and Viciafaba L. 
(Bhat et al, 2006). On the other hand, a decrease in seed weight in both the M2 
and M3 generations has been reported in mungbean (Tickoo and Chandra, 
1999) and Lathyrus sativus (Waghmare and Mehra, 2000). 
Seed yield in pulses is a complex character and is influenced by many 
other quantitative characters like branches per plant, pods per plant, seeds per 
pod, mean pod length, mean pod girth and 100-seed weight. In the present 
investigation seed yield per plant was significantly increased in the lower and 
intermediate treatments of individual and combination treatments of EMS, 
gamma rays, MMS in the M2, whereas, a significant increase for this trait was 
noted in all the selected treatments in M3 generation. Seed yield per plant 
significantly decreased at higher treatments in M2 generation. Increase in seed 
yield is due to an increase in other yield contributing traits especially number 
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of fertile branches per plant, number of podis per plant and 100-seed weight and 
there was reduction in seed yield per plant in some higher treatments. Increase 
in seed yield in the present investigation could be attributed to effective 
selection adopted for various yield contributing traits in M2 and subsequent 
generations. Seed yield had increased by 2-4g in both the varieties in different 
mutagenic treatments. Increase or decrease in plant yield following treatments 
with physical and chemical mutagens has been reported by many workers. 
Sareen and Kaul (1999) reported an increase in seed yield by gamma rays but 
decrease in EMS treatments in Plantago ovata, Khan (1988a) reported increase 
in yield in all treatments including combination treatments in mungbean, 
whereas, Tickoo and Chandra (1999) observed a decrease in seed yield in M2 
which significantly increased over control in the M3 generation in mungbean. 
Decrease in seed yield following mutagenic treatments in M2 and M3 
generations was reported by other workers in pigeon pea (Srivastava and Singh, 
1993); Triticaie (Sinha and Joshi, 1986) and in grasspea (Waghmare and 
Mehra, 2000). Singh et al. (2000b) observed a significant increase or decrease 
for seed yield per plant in M2 in urdbean. Chekalin (1971) and Abdulla and 
Hussein (1977) achieved considerable increase in yield in combination 
treatments of physical and chemical mutagens in comparison to individual 
treatments of the same mutagens. 
Assessment of variance has been the most dependable statistical 
measure to find the mutagenic effect on the polygens, estimation of genotypic 
variability in treated population which revealed the heritable portion of total 
created variation. GCV provides a mean to study the genetic variability 
generated in quantitative traits. The GCV alone is not sufficient for 
determination of amount of heritable variability. In addition, estimation of 
heritability and genetic advance as percentage of mean is also needed to assess 
the heritable portion of total variation and extent of genetic gain expected for 
effective selection. The heritability in broad sense includes both additive and 
epistatic gene effects. It will be reliable only if accompanied by high genetic 
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advance. The high heritability and genetic advance combined with increased 
genetic variability found in the present investigation for all the twelve 
quantitative characters under study revealed the scope of improving yield 
through effective selection based on these characters. 
A more close look on the data for various quantitative characters 
revealed that lower and intermediate treatments of EMS, gamma rays, MMS 
and their combinations induced not only maximum variability but also positive 
mutations in most of the polygenic traits under study. Further, the selection was 
effective in M2 especially for yield and yield contributing traits where the mean 
values increased significantly from M2 to M3 generation. No linear relationship 
was observed between the dose and mean values for all polygenic traits and 
varietal differences in terms of mutagenic response was clearly evident. Such 
varietal differences have also been reported by most of the earlier workers. 
Mean values in M3 for all yield contributing traits were significantly high as 
compared to control in all selected treatments, which could be attributed to the 
selection applied to normal looking plants in Mi and also the selection of high 
yielding plants in M2 could lead to elimination of plants carrying gross 
chromosomal abnormalities. 
The usefulness of micromutations was established by Gregory (1956, 
1961). After the studies of Brock (1965a ,1965b, 1967), it became a common 
practice to advance only normal looking M2 plants to M3 generation and made 
selection not earlier than M3. This resulted in increasing the volume of non-
mutated material and delay in isolation of promising variants. Some 
experiments, however, demonstrated that selection in M3 is more effective than 
in M2 (Palezona, 1966; Jana and Roy, 1973). This aspect (selection) of 
mutation breeding was explained by Sharma (1986) by stating that even if the 
material selected in M3 or later generations has higher probability of getting 
fixed as promising strains, there is no evidence to suggest that the frequency of 
promising mutations is higher in M3 than in M2. Further, he suggested that the 
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variability detected in M3 could not have arisen afresh, without causing any 
impact on the M2 population and it is better to start selection in M2, so that bulk 
of the material which is either un-mutated or with drastic changes could be 
removed from the main population. Several workers have suggested that M2 
and M3 generations may not differ in respect of selection response (Sharma, 
1977). Tickoo and Jain (1979), Bhadra (1982) and Kharkwal (1983b) 
concluded that promising progenies could be identified with higher degree of 
confidence in M2 on the basis of mean and variance. 
It is clearly evident from the data that considerable amount of variability 
was induced in the treated populations in M2 generation. The variability further 
increased in M3 for all twelve quantitative characters under study particularly 
for yield and yield contributing traits in most of the treatments with a few 
exceptions. This increase in variability was associated with an increase in 
heritability and genetic advance, indicating that induced variability was genetic 
in nature and further selections could be made in M3. The increase in variability 
in M3 has been often termed as "release of additional variability" (Sharma, 
1986). Since the increase in variability in M3 was observed in all quantitative 
traits as compared to M2, it means that characters have a tendency to stabilize 
later than sooner. Therefore, it is suggested that in broad bean, selection for 
quantitative and yield contributing characters like days to flowering, flowers 
per plant, plant height, days to maturity, pods per plant, seeds per pod, pod 
length, pod girth, 100-seed yield and yield per plant could be in M2. Tickoo and 
Jain (1979); Bhadra (1982) and Kharkwal (1983b) suggested that selection in 
M2 generation should be applied to the M2 families not segregating for 
macromutations and to the promising progenies identified on the basis of high 
variance and mean shift in the desired direction. Sharma (1986) concluded that 
efficiency of mutation breeding for polygenic traits could be increased 
immensely by selecting M] plants with maximum damage, normal Idoking 
plants from the macromutational M2 families, as well as non segregating 
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families with high variance and desired shift in mean followed by confirmation 
of the potential of these selections in M3. 
A glance at the data indicates that mean values of the quantitative 
characters increased significantly from M2 to M3 generation. It may be due to 
the selection of normal looking plants in Mi and selection of high yielding 
plants in M2 generation which lead to elimination of aberrant plants and also it 
may be due to the gradual recovery from the non-genetic damage induced after 
the mutagenic treatments (Sharma and Sharma, 1982). The data for various 
quantitative characters show that lower or intermediate dose treatments of the 
mutagens induced not only maximum variability but also positive mutations 
were induced for most of the polygenic traits in both the varieties under study. 
The present study indicated that var. minor was although more sensitive 
with respect to induced genetic damage but var. major gave a higher frequency 
of micromutations for the various quantitative characters. This indicates that all 
the mutagens are not equally effective in generating variability for quantitative 
characters and showed a differential response to the different varieties. 
Kharkwal (2001) suggested that if the variability is genetic, the mean values 
increased fiirther in the M3 progenies and it become possible to select 
individual plants showing good expression of various yield components. 
As stated earlier a wide range of variability was induced by all 
mutagenic treatments in both the varieties. The amount of induced variability. 
however, varied not only among different treatments but also from trait to trait. 
The induced phenotypic variation, although high among treated populations, 
does not reveal the relative magnitude of heritable (genetic) and non heritable 
variation. This was ascertained with the help of genetic parameters such as 
genotypic coefficient of variation (GCV), heritability in broad sense (h )^ and 
genetic advance as percent of mean (GA). The estimates of genotypic 
coefficient of variation and heritability of various quantitative characters are 
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essential (Falconer, 1960; Kaul and Bhan, 1974; Khan 1989), since they 
indicate the degree of stability to the environmental fluctuations and the 
potential transmissibility of a character from parent to offspring and from 
generation to generation. It is clearly evident from the data that considerable 
amount of genotypic coefficient of variation was induced by EMS, gamma 
rays, MMS and combination treatments in broad bean. Maximum GC\' was 
induced by the lower and intermediate treatments of EMS, gamma rays, MMS 
and lower combination treatments for almost all polygenic traits with a few 
exceptions. In general, the highest genotypic coefficient of variation was 
recorded for number of fertile branches per plant followed by seed yield per 
plant, pods per plant and days to flowering. The amount of genetic variation 
was comparable among seeds per pod and 100-seed weight, whereas, plant 
height and days to maturity recorded comparatively lower GCV. Several 
workers have reported induced genetic variability following mutagenic 
treatments in different crops (Khan, 1988b; Ignacimuthu and Babu, 1993; 
Srivastava and Singh, 1993; Solanki and Sharma, 1999). The genotypic 
coefficient of variation was higher in M3 for days to flowering, flowers per 
plant, plant height, days to maturity, pods per plant, seeds per pod, pod length, 
pod girth, 100-seed weight, leaves per plant and yield per plant than M2. 
Factors responsible for such increase are considered to be favorable for 
mutation in polygenic systems (Sharma and Sharma, 1982). The studies in 
different crops have shown that the genetic variability is substantially enlarged 
for various quantitative characters in M2 and subsequent generations after 
mutagenic treatment (Gaul et al, 1969; Rao and Siddiq, 1977; Sharma and 
Sharma, 1982; Khan, 1984). The genotypic coefficient of variation showed 
random trend in different treatments of different mutagens. Lack of consistent 
dose-response relationship may be due to additional uncontrolled 
environmental variation (Conger et al, 1966). Similar results have been 
reported by Singh et al. (2000b) in urd bean; Khan et al (1999) in Vigna 
radiata and Khan (1988b) in mung bean. 
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Heritability is one of the important ways to estimate the heritable 
proportion of the total induced variation. Besides, the most important function 
of heritability in the genetic study of quantitative characters is its predictive 
role expressing the reliability of phenotypic value as a guide to the breeding 
value. The heritability is a property not only of a character but also of the 
population and the environmental circumstances to which the individuals are 
subjected to. Since the value of heritability depends on the magnitude of all the 
components of variance, a change in any one of these may affect it. 
Heritability in the parental populations was low for all the polygenic 
traits. However, a wide range of heritability was observed in the treated 
populations. Heritability estimates were comparatively low in M2 but increased 
considerably in M3 generation. This could be due to increased homozygosity of 
genes involved among treated populations. In general, heritability was medium 
to high for almost all quantitative traits. Different workers have different 
opinions regarding the range of heritability for various quantitative traits. 
Nevertheless, a wide range of heritability induced by physical and chemical 
mutagens has been reported by different workers (Khan, 1984; Ignacimuthu 
and Babu, 1993; Srivastava and Singh, 1993; Sharma and Sharma, 1982). The 
disparity in resuhs could be because heritability is a property not only of a 
character but also of the population, enviromnent and the circumstances to 
which the genotypes are subjected to (Falconer, 1960). Kaul and Bhan (1974) 
suggested that all the genetic components are influenced by gene frequencies 
(which differ from population to population according to the history of the 
population) and by the environmental variance, since more variable conditions 
reduce heritability and more imiform conditions increase it. The high 
heritability estimates in the quantitative characters have been found to be useful 
for selecting suitable types based on their phenotypic performance: The 
increase in heritability was associated with increase in variability for most of 
the yield traits in M3, providing further chances for selecting plants with better 
yield and high heritability. Increased variability in the form of high heritability 
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for different quantitative characters have also been reported by earlier workers 
(Nayeem and Ghasim, 1990', Sharma et al, 1990). 
A rational approach towards the improvement of any crop plant involves 
selection. A selection within the base population and utilization of selected 
material would produce germplasm that would result in the isolation of desired 
ideotypes. Johnson et al. (1955) advocated that heritability estimates along with 
genetic advance is usually more helpful than heritability value alone in 
predicting the resultant effects of selection. This is probably because 
heritability estimates are subject to genotype-environment interactions (Lin et 
al, 1979). Genetic advance is indicative of the expected genetic progress for a 
particular trait under suitable selection procedure and consequently carries 
much significance in self pollinated crops. The estimated values of genetic 
advance (percentage of mean) differed in different mutagenic treatments and 
also from trait to trait. Like heritability, genetic advance also increased in M3 as 
compared to M2 generation for yield contributing traits. Obviously, this is due 
to increase in genetic variability component i.e., the induced genetic changes 
for quantitative characters. From the plant breeding point of view, this should 
mean higher response to selection (Sharma and Sharma, 1982). The higher 
values of heritability and genetic advance also suggest that mutations have 
mostly occurred at the loci having additive effects (Lawrence, 1965). Increase 
in heritability coupled with an increase in genetic advance has also been 
reported earlier (Khan, 1984; Ignacimuthu and Babu, 1992; Lokesha and 
Veeresh, 1993). In general, results about yield and yield components are quite 
encoui-aging since, they possessed sufficiently high values of heritability and 
genetic advance. 
The high yielding mutants isolated in M2 and M3 generations revealed 
that considerable increase in yield and yield contributing traits could be 
achieved in these mutants. The increase in 100-seed weight and number of 
pods per plant, number of seeds per pod, pod length and pod girth were 
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probably the main reasons of boosting the plant yield to such a great extent. In 
other words, these traits appeared to be highly correlated with yield. The 
general selection was effective for fertile branches per plant, pods per plant, 
100-seed weight, pod length, pod girth and total yield per plant in almost all the 
mutants as was evident from the increased values of genetic parameters. All the 
twelve yield contributing traits in the high yielding mutants showed an increase 
in genotypic coefficient of variation, heritability and genetic advance, 
indicating that these characters could be transmitted to future generations and 
further improvement of these polygenic traits was possible in the subsequent 
generations. Burton (1951) suggested that genotypic coefficient of variation 
together with high heritability estimates would give a better picture of the 
extent of genetic advance to be expected by selection. In view of the above 
facts, all yield related traits showed high genotypic variability coupled with 
high heritability and genetic advance indicating that their heritability was 
largely due to additive genetic effects. 
In the present investigation, many fasciated mutants were isolated- in M2 
and M3 generations. The fasciated character involved seed size, seed shape, 
seed coat colour, flower shape etc. Some mutants among them were 
agronomically important while some mutants showed inferior yield. 
Fasciated mutants are valuable genetic resource and may benefit plant 
breeding programmes of diverse taxa aimed at improving yield and resistance 
to certain diseases/lodging in them. Fasciated mutants so far have been reported 
in several leguminous crops viz., pigeon pea (Bhatnagar et al, 1967), 
mungbean (Singh, 1981), soyabean (Albertsen et al, 1983), chickpea (Knights, 
1993; Gaur and Gaur, 1999), broad bean (Bhat et at, 2006), pea (Gottschalk, 
1977), lentil (Tyagi and Gupta, 1991), Capsicum amuum (Kumar et al, 2006). 
Among these fasciated mutants some were superior, while some were inferior 
agronomically. The agronomically inferior mutants were late maturing with 
reduced number of fhiits per plant, fewer seeds per fruit, poor harvest index 
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resulting in an adverse effect on yield, while the agronomically superior yields 
were possibly due to increase in the number of branches, flowers and pods per 
plant, higher yield, higher harvest index and higher seed yield per plant. So far 
studies made on several fasciated mutants indicate that the gene for fasciation 
had both positive and negative effects from the view points of plant breeding. 
Kumar et al (2006) studied inheritance of fasciation in F2 families of 5 crosses 
involving fasciated mutant as one of the parents and suggested that a single 
recessive gene controls the stem fasciation. Stem fasciation was also reported 
to be recessive and monogenetically controlled in pea (Scheibe, 1954), pigeon 
pea (Sinha et al, 1967) and chickpea (Knights, 1993). However, Lamprecent 
(1956) suggested that two genes control fasciation in pea. Gottschalk (1977) 
found that three genes control the stem fasciation in induced Pisum mutants. In 
general those fasciated mutants which had more number of branches, flowers 
per plant and more seeds per fhiit were found to be agronomically superior. 
Further the gene/genes for fasciation seems to exert pleiotropic effect in a 
majority of the mutants reported so far. 
The bold seeded mutants isolated in the present investigation are of 
special interest since these mutants showed considerable improvement in the 
yield besides increase in pod size. Cytological observation of these mutants 
revealed 6 bivalents (2n=12) at diakinesis/metaphase-I, although some meiotic 
aberrations like stickiness, precocious separation, bridges and disturbed 
telophase were also obtained, but in very low frequency. The normal 
cytological behaviour of these mutants may indicate their genetic nature, 
however, cryptic structural changes in the chromosome could not be denied. 
The morphological mutants isolated in the present study included mutants with 
agronomically desirable features which could possibly be utilized in the future 
breeding programmes. 
A wide range of variability was observed for the fertile branches, pods 
per plant, pod length, pod girth, seed and yield per plant of the mutants 
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Table 90: Brief description of the mutants isolated in M3 generation of Viciafaba 
L var. minor. 
Mutants Treatment Salient features 
Variety minor 
1. Minor-A 
2. Minor-B 
3. Minor-C 
4. Minor-D 
5. Minor-E 
6. Minor-F 
7. Minor-G 
8. Minor-H 
9. Minor-I 
10. Minor-J 
11. Minor-K 
]2.Minor-L 
13. Minor-M 
14. Minor-N 
15. Minor-0 
Control 
0.1% EMS 
0.2% EMS 
1 OkR Y-rays 
20kR y-rays 
0.03% MMS 
0.01% MMS 
3 OkR y-rays 
0.02% MMS 
0.3% EMS 
10kR+0.1%EMS 
20kR+0.3% EMS 
10kR+0.02%MM 
10kR+0.01%MM 
20kR+0.2% EMS 
0.3% EMS 
Seed round 
Round bold seeds, High yielding 
Round bold seeds, seed coat 
sculptured, High yielding 
Round bold green seeds, seed coat 
coloured, High yielding 
Round bold black seeds. High 
yielding 
Sculptured seed coat, High yielding 
Greenish sculptured seed coat, High 
yielding 
Tall mutant, round brown seeds, 
High yielding 
Semi dwarf, sculptured seed coat, 
High yielding 
Round bold seeded. High yielding 
Bold green seeds, High yielding 
Bold seeds. High yielding 
Tall mutant, bold round seeds, High 
yielding 
Flat bold seeds with sculptured seed 
coat, High yielding 
Hexa flowered. High yielding 
High yielding 
Tabic 91: Brief description of the mutants isolated in M3 generation of Viciafaba 
L var. major. 
Mutants Treatment Salient features 
Variety major 
1. Major-A 
2. Major-B 
3. Major-C 
4. Major-D 
5. Major-E 
6. Major-F 
7. Major-G 
8. Major-H 
9. Maior-I 
Control 
0.1% EMS 
0.3% EMS 
lOkRy-rays 
30kR y-rays 
20kR Y-rays 
0.01% MMS 
0.02% MMS 
10kR+0.1%EMS 
10kR+0.2%EMS 
10. Major-J 20kR+0.02% MMS 
U.Major-K 20kR+0.03% MMS 
Round seeds 
Round giant seeds, High yielding 
Round giant seeds, High yielding 
Round seeds with sculptured seed coat, 
High yielding 
Bold seeds with sculptured on seed 
coat, High yielding 
Sculptured seed coat, High yielding 
Sculptured seed coat. High yielding 
Round bold seeds, sculptured seed coat, 
High yielding 
Round bold seeds, sculptured seed coat, 
High yielding 
Round bold seeds, sculptured seed coat, 
High yielding 
Round bold seeds, sculptured seed coat, 
High yielding 
Round bold seeds, sculptured seed coat, 
High yielding 
12.Major-L 10kR+0.01%MMS Round bold seeds, High yielding 
13. Major-M 20kR+0.3% EMS 
14. Major-N 0.2% EMS 
Round bold seeds, sculptured seed coat, 
High yielding 
Round bold seeds, sculptured seed coat, 
High yielding 
15. Major-0 0.03% MMS Round bold seeds. High yielding 
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Table 116: Comparative analysis of molecular weights (KDa) of the different 
protein bands of the seeds of Vicia faha L. mutants (van minor) 
using SDS-PAGE technique. 
Band Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Total nands 
Lane 1 
Marker 
67.0 
48.0 
24.0 
12.4 
Lane 2 
Minor A 
-
75.2 
72.0 
66.2 
-
59.0 
-
51.0 
47.0 
-
-
38.4 
-
33.0 
30.2 
-
23.3 
-
20.2 
18.0 
-
-
12.0 
11.4 
10.4 
15 
Lane 3 
Minor C 
-
-
72.0 
_ 
64.0 
-
54.0 
-
46.2 
-
-
37.4 
-
33.0 
29.2 
-
-
23.0 
20.0 
17.0 
-
-
12.0 
11.2 
10.4 
13 
Lane 5 
Minor F 
-
74.0 
72.0 
66.0 
63.0 
-
54.2 
-
-
45.2 
-
37.4 
-
32.2 
-
28.2 
23.0 
-
20.4 
17.2 
-
14.2 
12.0 
11.2 
10.4 
16 
Lane 6 
Minor D 
-
74.0 
72.0 
66.6 
63.0 
-
54.2 
50.2 
48.0 
-
42.0 
38.4 
35.4 
32.0 
-
28.4 
23.4 
-
20.2 
17.0 
-
14.0 
12.0 
11.2 
10.2 
19 
Lane 7 
Control 
-
-
— 
-
-
-
-
-
48.0 
-
42.0 
-
35.4 
32.0 
-
-
24.0 
-
20.2 
17.2 
-
14.0 
12.0 
11.0 
10.2 
11 
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evaluated in M3 generation. The mutant progenies displayed a tremendous 
increase in mean values of these traits in comparison to control. Selection for 
fertile branches, number of pods per plant, pod length, pod girth, number of 
seeds per pod and yield per plant in M3 generation was found to be effective for 
all the isolated mutants, as is evident from the manifold increase in the values 
of their genetic parameters in comparison to control and rest of the M3 
population. All the seven traits showed increased values of heritability and 
genetic advance possibly due to a close resemblance between the 
corresponding values of PCV and GCV indicating that these traits can be 
transmitted to future generations and further improvement of these traits is 
possible in subsequent generations. 
The degree of association of plant characters has been helpful as a basis 
of selection. A number of significant changes towards the desirable side were 
induced in the correlation coefficients of various pairs of traits in the mutants 
isolated in M3 generation. The correlation among yield contributing traits in a 
population is a composite of the effects of selection, gene linkage and 
pleiotropy (Sehrawat et al, 1996). The usefulness of mutations in weakening, 
strengthening or altering character association has been demonslxated in lentil 
(Sharma and Sharma, 1981a). If the nature of selection practiced in the control 
and treated population is the same, any difference in the correlation coefficients 
in the two populations will be due to the effect of mutagens on gene linkage 
and altered pleiotropic effects of newly mutated genes. However, according to 
Gottschalk (1987) climatic factors can also influence the pleiotropic pattern 
positively or negatively. Such alteration in correlation among various traits 
may be utilized to enhance the rate of selection response in a primary trait. In 
the present investigation positive and significant correlation between fertile 
branches per plant and yield per plant, fertile branches per plant and pods per 
plant and pods per plant Vs. yield per plant was observed in almost all the 
mutants as against controls. This reflects a desirable change in plant type after 
mutagenic treatment, which may have resulted in increased plant yield. Since 
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the number of pods per plant has shown a significant relationship with yield, it 
is desirable to make direct selection for these traits. 
The protein content was evaluated in M3 generation for all the selected 
treatments and mutant lines. It was clearly evident from the results that 
variability, though not very high, was induced among various treated 
populations and mutant lines. Such mutant genotypes can obviously be 
expected to be of practical value in a protein improvement programme and 
would offer a greater potentiality for cross breeding since their increased 
protein content is not expected to be at the expense of grain yield, grain density 
or grain weight. The protein content increased significantly in several 
treatments. The mutant lines showed either significant or insignificant increase 
or decrease in protein content. In general, a wide range of variability was 
induced for protein content in treatments as well as mutant lines of M3 
generation, suggesting the possibilities of isolating high yielding-high protein 
mutant lines in future generations. One important fact observed during the 
present investigation was that increase in seed weight was not always 
associated with significant increase in protein content as is clearly evident from 
the bold seeded mutants viz., where the protein content decreased slightly 
despite considerable increase in the seed size. The electrophoretic analysis 
showed variation in seed protein patterns of isolated mutants of Vicia faba L. 
varieties. The data obtained from the SDS-PAGE gel scanning showed the 
increase in number of protein bands in mutants. The controls showed 11 
protein bands, while in mutants protein bands ranged from 11-19. In general 
the electrophoretic protein pattern comprised 26 recognizable migration 
distances each represents a protein fraction. The mutants i.e., Minor D, Major 
A and Major B showed the maximum number of protein bands followed by 
Major D, Major L, Major K and Major J. Kharkwal (1998c) reported very low 
positive correlation between seed weight and protein content in chickpea, but 
positive correlation was observed in case of grain density and protein content. 
He further reported a high variability associated with wide range among 
229 
different mutant lines and isolated different high protein mutants in chickpea. 
He concluded that useful variability for quality characters like protein content 
could be successfully induced, isolated and significantly improved through 
mutagenesis in grain legume crops. A number of induced mutant varieties with 
improved protein content particularly in case of grain legumes have been 
developed and reported by several workers (Kharkwal et al, 1988, Micke, 
1988; Shaikh et at. 1982; Gottschalk et al. 1975). 
In brief, the results have revealed that lower and moderate treatments of 
physical and chemical mutagens used in the present investigation proved to be 
efficient in increasing the genetic variability for yield-oriented selection in 
broad bean. The isolated mutants possess desirable plant architecture associated 
with high yield and higher seed protein content than their respective controls. 
They can be evaluated in future generations and after multilocational trails 
released as new varieties. The meiotic aberrations indicate the mutational load. 
The frequency of meiotic aberrations decreased from Mi to M2 and M2 to M3 
and further decreased in isolated strains which represent the occurrence of 
stability in mutated genotype from Mj to M3 generation and in the isolated 
mutants of both the varieties of Vicia faba L. Thus the genetic variability 
induced by EMS, gamma rays, MMS and their combination treatments may 
effectively be exploited for the improvement of broad bean and other self-
pollinated crops. 
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CHAPTER - 6 
Summary and ConcCusions 
SUMMARY AND CONCLUSIONS 
The present investigation was carried out to study the mutagenic effects 
of ethyl methane sulphonate, gamma rays, methyl methane sulphonate and their 
combination in two varieties of broad bean (Viciafaba L.) viz., var. minor and 
var. major. 
The main objective of the study was to induce the additional genetic 
variability for quantitative traits and increase the yield potential of the crop by 
isolating promising mutants. Various other aspects of the study were: 
1. Biological damage in Mi and M2 generations. 
2. Effectiveness and efficiency of the mutagens. 
3. Spectrum and frequency of chlorophyll and viable macromutations. 
4. Estimation of genotypic coefficient of variation (GCV), Phenotypic 
coefficient of variation (PCV), heritability (broad sense) and genetic 
advance (percent of mean) 
5. Cytological investigation of Mi, M2 and M3 generations. 
6. Cytological investigation of the isolated mutants. 
7. Calculation of chiasmata frequency in Mi, M2 and M3 generations. 
8. Isolation of desired mutant lines. 
9. Evaluation of protein content in the isolated mutant lines. 
10. Determine the variation in seed protein patterns in controls and the 
isolated mutants of Viciafaba L. through SDS-PAGE gel scanning. 
11. The data obtained in Mi, M2 and M3 population was statistically 
analysed to ascertain the extent of variation and improvement in 
genetic characters in treated plants in comparison to control. 
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The significant findings are summarized below: 
6.1 SENSITIVITY STUDIES 
The mutagenic effect was studied on some Mi parameters such as seed 
germination, seedling height, plant survival, pollen fertility and various 
quantitative characters such as days to flowering, number of flowers per plant, 
days to maturity, plant height (cm), number of fertile branches per plant, 
number of pods per plant, number of seeds per pod, mean pod length (cm), 
mean pod girth (cm), 100-seed weight, total yield per plant and number of 
leaves per plant. Besides, cytological investigation was carried out to assess the 
comparative effect of physical and chemical mutagens, separately as well as in 
combination. The extent and nature of injury in Mi generation varied with the 
varieties, mutagens and their doses/concentrations. 
a) Seed germination, seedling growth, plant survival and pollen fertility 
decreased with an increase in mutagenic treatment. 
b) Chromosomal aberrations showed dose dependent increase with 
mutagenic treatments. 
c) The chromosomal aberrations induced by EMS, gamma rays, MMS and 
their combination treatments were univalents, multivalents, stickiness, 
precocious separation of bivalents, disturbed metaphase and fragments 
at metaphase-I/II. The induced chromosomal aberrations at anaphase-I/II 
were bridges with or without fragments, laggards, disturbed anaphase, 
unequal separation and non-disjunction. The induced chromosomal 
aberrations at telophase-I/II were disturbed polarity, micronuclei, 
multinucleate condition and cytomixis. The end product of meiosis was 
triads, pentads and hexads along with tetrads. 
d) In general the frequency of chromosomal aberrations was more at 
metaphase stages followed by anaphase and telophase stages. 
Chromosomal aberrations were same in Mi, M2 and M3 generations, but 
their frequencies were lesser in M2 than Mi and in M3 lesser than M2. 
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e) In general, the variety minor was highly sensitive as compared to the 
var. major. 
f) Studies on various quantitative parameters revealed the general 
effectiveness of higher treatments and stimulatory effect of lower and 
intermediate treatments in Mi generation. 
g) The coefficient of variation was high among the treated populations as 
compared to controls in M] generation. 
h) Chromosomal aberrations and pollen sterility were dose dependent and 
increased linearity with dose/concentration of mutagens. 
i) The chiasma frequency showed more reduction in combination 
treatments than the individual mutagenic treatments. The order of 
potentiality of mutagens to cause reduction in chiasma frequency was y-
rays+MMS>Y-rays+EMS>MMS>'y-rays>EMS in both the varieties. 
6.2 QUALITATIVE MUTATIONS 
a) A wide spectnim of chlorophyll and viable morphological mutants were 
isolated in M2 generation. Lower and intermediate doses/concentrations 
of EMS, gamma rays, MMS and their combination mutagenic 
treatments induced maximum frequency of mutations as compared to 
higher treatments. 
b) Frequency of chlorina mutants was highest followed by xantha and 
albina in both the varieties of broad bean. 
c) The var. minor showed more chlorophyll mutations than var. major. 
d) The most promising and striking mutants were tall, dwarf, semi-dwarf, 
mutants with broad leaves, more foliage, big flowers, more number of 
flowers, elongated pods, broader pods, giant seeds, bold seeds, black 
bold seeds, brown small seeds and small seed with normal colour (grey). 
The morphological mutants with agronoroically desirable features could 
be utilized for further improvement of this crop. 
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e) No dose dependent increase was observed for chlorophyll and viable 
mutation frequency. 
f) The mutagenic effectiveness measured on the basis of frequency of 
chlorophyll mutations divided by dose of the mutagen revealed MMS to 
be most effective followed by gamma rays in combination with MMS 
and ES in causing mutations. Gamma rays and gamma rays in 
combination with EMS were least effective in this regard. 
g) The mutagenic efficiency was calculated on the basis of inhibition in 
seed germination (MF/R), seedling injury (MF/I), lethality (MF/L), 
sterility (MF/S) and meiotic abnormalities (MF/M). Lethality (MF/L) 
was generally high followed by meiotic abnormalities (MF/M) and 
sterility (MF/S). 
h) Intermediate and lower doses of EMS, gamma rays and MMS treatments 
• were most efficient on the basis of all criteria used. 
i) Some fascinating mutants such as closed flower mutants and desynaptic 
mutants were isolated. Their detailed cytomorphological investigations 
were carried out and the causes and consequences of mutations were 
discussed. 
j) The interaction coefficient (K) of combination treatments for various 
biological parameters in Mi and chlorophyll mutation frequency in M2 
revealed less than additive effects. However, synergistic or additive 
effects were also obtained in some combinations. 
k) Maximum frequency of morphological mutants exhibiting altered 
morphological features were isolated in combination treatments of 
gamma rays and EMS in both the varieties. 
6.3 INDUCED POLYGENIC VARIATIONS 
a) The mean values of different quantitative traits showed positive and 
negative shifts in M2 generation, however, positive shift in mean was 
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more pronounced in M3 generation especially for yield and yield 
contributing traits. 
b) The mean flowering time was reduced by 6-8 days (EMS), 4-7 days (y-
rays), 4-5 days (MMS), 4 days (y-rays+EMS) and 3 days (y-rays+MMS) 
in var. minor, while the flowering time was reduced by 8-9 days (EMS 
and gamma rays), 7-8 days (MMS), 6-7 days (y-rays+EMS) and 2-4 
days (y-rays+MMS) in var. major in M3 generation. 
c) The mean duration of maturity time was reduced by 7-10 days (EMS), 6 
days (y-rays), 5-6 days (MMS), 4-5 days (y-rays+EMS) and 2-3 days 
(y-rays+MMS) in var. minor, whereas maturity time was reduced by 8-
10 days (EMS), 7 days (gamma rays), 5-6 days (MMS), 4-5 days (y-
rays+EMS) and 3-5 days (y-rays+MMS) in M3 generation of var. major. 
d) The mean number of flowers per plant increased by 13-14 flowers 
(EMS), 10-12 flowers (gamma rays), 8-10 flowers (MMS), 5-6 flowers 
(y-rays+EMS) and 2-5 flowers (y-rays+MMS) in var. minor, whereas 
mean number of flowers per plant increased by 11-13 flowers (EMS), 
9-11 flowers (y-rays), 8 flowers (MMS), 6-7 flowers (y-rays+EMS) and 
4-5 flowers (y-rays+MMS) in var. major in M3 generation. 
e) The average plant height increased by 5-6 cm (EMS), 4-5 cm (gamma 
rays), 4 cm (MMS), 2-3 cm (y-rays+EMS) and 1-3 cm (y-rays+MMS) 
in var. minor, whereas mean plant height increased by 4-5 cm (EMS), 3 
cm (gamma rays and MMS), l-2cm (y-rays+EMS) and l-2cm (y-
rays+MMS) in var. major in M3 generation. 
f) The mean number of fertile branches per plant increased by 4-5 (EMS), 
3-4 (y-rays and MMS), 2-3 (y-rays+EMS) and 1-2 (y-rays+MMS) in 
var. major in M3 generation. 
g) The mean number of pods per plant showed significant increase i.e., in 
var. minor mean values of pods per plant showed 14-16 pods (EMS), 
12-13 pods (y-rays and MMS), 11-12 pods (y-rays+EMS) and 3-11 
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pods (y-rays+MMS), while in var. major it was 10-12 (EMS), 7-9 (y-
rays), 5-7 (MMS), 4-5 (y-rays+EMS) and I ^ (y-rays+MMS) in var. 
minor in M3 generation. 
h) The mean number of seeds per pod also showed a significant increase in 
M3 generation particularly 0.1, 0.2 and 0.3% of EMS and lOkR, 20kR 
and 30kR doses of gamma rays in var. minor and 0.1% and 0.2% of 
EMS in var. major. 
i) The significant increase in mean values of pod length was obtained at 
0.1% and 0.2% of EMS in var. minor, whereas significant increase in 
mean values of pod length was achieved in 0.1% and 0.3% EMS in var. 
major in M3 generation. 
j) The pod girth also showed considerable increase. The maximum 
increase in pod girth was recorded in var. major in M3 generations (0.1% 
EMS). 
k) The mean values for 100-seed weight showed considerable increase i.e., 
5-6g (EMS), 3-4g (y-rays and MMS) and 2-3g (y-rays+EMS and y-
rays+MMS) in var. minor, whereas in var. major 100-seed weight (g) 
showed increase by 4-5g (EMS), 2-3 g (y-rays+MMS) and l-4g 
(y+EMS and y-rays+MMS) in M3 generation. 
1) The total yield per plant also showed considerable increase i.e., 3-4 g 
(EMS and y-rays), 2-3 g (MMS), 2-3 g (y-rays+EMS and y-rays+MMS) 
in var. minor, whereas in var. major the increase was 2-4 g (EMS, y-
rays and MMS) and 2-3 g (y-rays+EMS and y-rays+MMS) in M3 
generation. 
m) The mean number of leaves per plant also showed considerable increase 
i.e., 4-7 leaves in var. major and 3-7 leaves in var. minor in M3 
generation. 
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n) The increase in mean values was accompanied with an increase in 
genetic parameters. 
o) The increase in number of pods per plant, pod length, pod girth, seeds 
per pod and 100-seed weight played significant role in boosting the total 
yield per plant in treated populations. 
p) The estimates of genotypic coefficient of variation (GCV), heritabiiity 
(broad sense) and genetic advance (GA) was high in treated populations 
as compared to controls in the M2 generation. All these genetic 
parameters increased further in M3 for yield and yield contributing traits. 
This indicated that these characters could be transmitted to future 
generations and will be of much importance for improvement of Vicia 
faba L. varieties. 
q) The protein content increased significantly in the isolated mutant lines, 
whereas, a significant decrease was also noticed in others. 
6.4 PERFORMANCE OF ISOLATED MUTANTS 
6.4.1 Isolated strains of var. minor 
Minor-A: It was isolated from 0.1% EMS treated populations and was round 
bold seeded. Its shift in mean was 12.33 in number of fertile branches per plant, 
27.70 in number of pods per plant, 1.47 seeds per pod, 2.26 cm pod length, 
2.80 cm pod girth, 100-seed weight 9.37g and average yield per plant was 
13.07g. This mutant was high yielding. 
Minor-B: It was isolated from 0.2% EMS treated populations and was round 
bold seeded. Seed coat bore peculiar sculpturing, shift in mean was 12.00 in 
number of fertile branches per plant, 27.04 in pods per plant, 1.23 in seeds per 
pod, 2.33 cm in pod length, 2.70 cm in pod girth, 14.53 g in 100-seed weight 
and 13.07g in yield per plant. It was high yielding mutant, 
Minor-C: It was isolated at lOkR y-rays and had round bold seeds. Peculiar 
design was found on seed coat. Its shift in mean was 11.33 in fertile branches 
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per plant, 27.87 in pods per plant, 1.27 in seeds per pod, 2.63 cm in pod length, 
2.53 cm in pod girth, 15.53 in 100-seed weight and 12.23 in yield per plant. 
This strain was high yielding. 
Minor-D: It was isolated at 20kR y-rays. It was round bold black seeded. Its 
shift in mean was 10.00 in fertile branches per plant, 26.87 in pods per plant, 
1.33 in seeds per pod, 2.43 cm in pod length, 2.40 cm in pod girth, 15.36 in 
100-seed weight and 11.90 in yield per plant. This strain was high yielding. 
Strain-£: It was isolated in 0.03% MMS. Seed coat bore peculiar sculptures. 
Its shift in mean was 10.66 in fertile branches per plant, 26.37 in pods per 
plant, 1.73 in seeds per pod, 1.70 cm in pod length, 2.30 cm in pod girth, 18.36 
g in 100-seed weight and 11.07g in yield per plant. It was high yielding. 
Minor-F: It was isolated at 0.01% MMS and seeds were green with peculiar 
sculptures on seed coat. The striking feature of this strain was seven flowers on 
a common peduncle. The shift in mean was 10.50 in fertile branches per plant, 
25.70 in pods per plant, 1.73 in seeds per pod, 1.23cm in pod length, 1.83cm in 
pod girth, 17.70g in 100-seed weight and U.23g in total yield per plant. It was 
high yielding. 
Minor-G: It was isolated at 30kR y-rays. It was tall mutant with brown seeds. 
Its shift in mean was 10.33 in fertile branches per plant, 24.70 in pods per 
plant, 1.50 in seeds per pod, 1.10cm in pod length, 1.60cm in pod girth, 16.70 g 
in 100-seed weight, 11.70 g in yield per plant. It was high yielding. 
Minor-H: It was isolated at 0.02% MMS. It was semi-dwarf and bore peculiar 
sculptures on seed coat. Its shift in mean was 10.16 in fertile branches per 
plant, 24.04 in pods per plant, 1.47 in seeds per pod, 1.70 cm in pod length, 
1.80 cm in pod girth, 16.20g in 100-seed weight and 9.90 g in yield per plant. It 
was high yielding. 
Minor-I: It was isolated in 0.3% EMS. It was round bold seeded. Its shift in 
mean was 10.00 in fertile branches per plant, 23.04 in pods per plant, 1.63 in 
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seeds per pod, 1.80 cm in pod length, 2.00 cm in pod girth, 15.20g in 100-seed 
weight and 9.23 g in yield per plant. It was high yielding. 
Minor-J: It was isolated at lOkR+0.1% EMS. Seeds were bold green. Its 
peculiar feature was elongated pods. Its shift in mean was 9.16 in fertile 
branches per plant, 22.54 in pods per plant, 1.90 in seeds per pod, 1.90 cm in 
pod length, 1.93 cm in pod girth, 16.53g in 100-seed weight and 9.06g in total 
yield per plant. It was high yielding. 
Minor-K: It was isolated at 20kR+0.3% EMS. Its shift in mean was 8.86 fertile 
branches per plant, 29.80 in pods per plant, 1.67 in seeds per pod, 1.83 cm in 
pod length, 1.77cm in pod girth, 6.49g in 100-seed weight and 9.05g in yield 
per plant. It was high yielding. 
Minor-L: It was isolated at lOkR+0.02% MMS. It was tall mutant with bold 
seeds. Its shift in mean was 8.86 in fertile branches per plant, 32.90 in pods per 
plant, 1.87 in seeds per pod, 1.83 cm in pod length, 1.67 cm in pod girth, 6.07 g 
in 100-seed weight and 9.67g in yield per plant. It was high yielding. 
Minor-M: It was isolated at lOlcR+0.01% MMS. It was round-flat bold seeded 
with sculptured seed coat. Its shift in mean was 10.56 in fertile branches per 
plant, 32.50 in pods per plant, 2.27 in seeds per pod, 1.26 cm in pod length, 
2.07 cm in pod girth, 7.23g in 100-seed weight and 10.63 in yield per plant. It 
was high yielding. 
Minor-N: It was isolated at 20kR+0.2% EMS and had six flowers on a 
common inflorescence. Its shift in mean was 10.49 in fertile in seeds branches 
per plant, 31.90 in pods per plant, 2.56 in seeds per pod, 1.60 cm in pod length, 
2.13 cm in pod girth, 7.46g in 100-seed weight and 9.60g in yield per plant. It 
was high yielding. 
Minor-0: It was isolated at 0.3% EMS. Its shift in mean was 10.59 in fertile 
branches per plant, 29.77 in pods per plant, 1.88 in seeds per pod, 1.60 cm in 
pod length, 1.50 cm in pod girth, 6.43 g in 100-seed weight and 9.62 g in yield 
per plant. It was high yielding. 
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6.4.2 Isolated mutants of van major 
Major-A: It was isolated in 0.1% EMS and was giant bold seeded. Its shift in 
mean was 5.97 in fertile branches per plant, 23.40 in pods per plant, 1.60 in 
seeds per plant, 2.31cm in pod length, 2.23cm in pod girth, 12,03g in 100-seed 
weight and 12.17g in yield per plant. It Was high yielding mutant. 
Major-B: It was isolated in 0.3% EMS and was round giant bold seeded. Its 
shift in mean was 6.97 in fertile branches per plant, 21.40 in pods per plant, 
1.50 in seeds per pod, 2.47cm in pod length, 2.13cm in pod girth, 13.36g in 
100-seed weight and 13.84g in yield per plant. It was high yielding. 
Major-C: It was isolated at lOkR y-rays. It was round seeded. Seed coat 
showed peculiar markings. Its maximum shift in mean was 7.97 in fertile 
branches per plant, 19.04 in pods per plant, 1.50 in seeds per pod, 2.14cm in 
pod length, 2.10cm in pod girth, 12.70g in 100-seed weight and 12.84g in yield 
per plant. This strain was high yielding. 
Major-D: It was isolated at 30kR y-rays. It was round bold seeded with 
sculptures on seed coat. Its shift in mean was 7.80 in fertile branches per plant, 
17.90 in pods per plant, 1.70 in seeds per pod, 2.44cm in pod length, 1.37cm in 
pod girth, 11.53g in 100-seed weight and 12.34g in yield per plant. This strain 
was high yielding. 
Major-E: It was isolated in 20kR y-rays. Seed coat was sculptured. It shift in 
mean was 11.84 fertile branches per plant, 22.40 in pods per plant, 1.77 in 
seeds per pod, 2.44cm in pod length, 2.10cm in pod girth, 11.20g in 100-seed 
weight and 11.84g in yield per plant. It was high yielding. 
Major-F: It was isolated at 0.01% MMS. Seed coat showed sculptured. The 
shift in mean was 10.64 in fertile branches per plant, 20.57 in pods per plant, 
1.60 in seeds per pod, 1.31cm in pod length, 1.77cm in pod girth, 10.36g in 
100-seed weight and 10.84g in total yield per plant. It was high yielding. 
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Major-G: It was isolated at 0.02% MMS. It was round bold seeds. Its shift is' 
mean was 11.97 in fertile branches per plant, 19.90 in pods per plant, 1.70 in 
seeds per pod, 1.80cm in pod length, 1.77cm in pod girth, 10.60g in 100-seed 
weight, 11.84g in yield per plant. It was high yielding. 
M.ajor-H: It was isolated at lOkR+0.1% EMS. It was round bold seeded with 
sculptures in seed coat. Its shift in mean was 10.80 in fertile branches per plant, 
18.90 in pods per plant, 1.57 in seeds per pod, 1.31cm in pod length, 1.97cm in 
pod girth, 12.63g in 100-seed weight and 14.84g in yield per plant. It was high 
yielding. 
Major-I: It was isolated in lOkR+0.2% EMS. It was round bold seeded with 
peculiar structures. Its shift in mean was 9.97 in fertile branches per plant, 
17.40 in pods per plant, 1.73 in seed per pod, 1.54cm in pod length, 1.83cm in 
pod girth, 10.53g in 100-seed weight and 13.84g in yield per plant. It was high 
yielding. 
Major-J: It was isolated at 20kR+0.02% EMS. Its was round bold seeded with 
peculiar sculptures in seed coat. Its shift in mean was 9.97 in fertile branches 
per plant, 15.57 in pods per plant, 1.84 in seeds per pod, 1.47cm in pod length, 
1.73cm in pod girth, 10.86g in 100-seed weight and 12.84g in total yield per 
plant. It was high yielding. 
Major-K: It was isolated at 20kR+0.03% MMS. It was round bold seeded with 
sculptures on seed coat. Its shift in mean was 10.77 in fertile branches per 
plant, 17.87 in pods per plant, 1.60 in seeds per pod, 1.58cm in pod length, 
1.90cm in pod girth, 11.63g in 100-seed weight and 10.83g in yield per plant. It 
was high yielding. 
Major-L: It was isolated at lOkR+0.01% MMS. It was mutant with bold seeds. 
Its shift in mean was 10.97 in fertile branches per plant, 19.73 in pods per 
plant, 1.50 in seeds per pod, 1.69cm in pod length, 1.80cm in pod girth, 11.13g 
in 100-seed weight and 11.61g in yield per plant. It was high yielding. 
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Major-M: It was isolated at 20kR+0.3% EMS. It was tall bold seeded with 
sculptures on seed coat. Its shift in mean was 7.80 in fertile branches per plant, 
20.57 in pods per plant, 1.64 in seeds per pod, 1.36cm in pod length, 1.70cm in 
pod girth, 10.83g in 100-seed weight and 11.39g in yield per plant. It was high 
yielding. 
Major-N: It was isolated in 0.2% EMS. It was round bold seeded with 
sculptures on seed coat. Its shift in mean was 19.04 in pods per plant, 1.60 in 
seeds per pod, 2.14cm in pod length, 1.88cm in pod girth, 10.23g in 100-seed 
weight and 10.58g in yield per plant. It was high yielding. 
Major-O: It was isolated in 0.03% MMS. It was round bold seeded. Its shift in 
mean was 10.23 in fertile branches per plant, 19.29 in pods per plant, 1.60 in 
seeds per pod, 1.80cm in pod length, 1.84cm in pod girth, 10.36g in 100-seed 
weight and ll.SOg in yield per plant. It was high yielding. 
In general, lower and intermediate treatments of EMS, gamma rays, 
MMS ai\d their combination treatments induced greater variability and proved 
to be more effective and efficient than the higher treatments. The present 
findings lead to the following conclusions: 
1. The two varieties of broad bean viz., var. minor and var. major 
required low and intermediate treatments of EMS (below 0.3%), 
MMS (below 0.03%) and gamma rays (below 30kR) and their 
combination to induce maximum variability and more viable 
mutants. 
2. Appropriate doses of gamma rays (lOkR and 20kR) were used in 
combination of EMS (0.1%-0.4%) and MMS (0.01%-0.04%) to 
induce maximum mutation frequency. 
3. The increase in mean values coupled with an increase in genetic 
variability from M2 to M3 generation especially for yield contributing 
traits, suggested fiirther possibilities of selecting more promising 
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lines with high yield and high heritability in both the varieties of 
broad bean. 
4. The number of fertile branches per plant, pods per plant, seeds per 
pod, mean pod length, mean pod girth, 100-seed weight were 
positively and strongly correlated with yield in broad bean, whereas, 
seed size showed low posilivc conclalion with protein content. 
5. The efficiency of micromutations could be increased by selecting 
normal looking plants of Mi segregating families as well as non-
segregating families with high variance and desired shift in mean, 
whereas the efficiency of macromutations could be increased by 
selecting Mi plants with maximum damage as well as normal 
looking plants of segregating M] families. 
6. The meiotic aberrations indicate the mutational load. The frequency 
of meiotic aberrations decreased from Mi to M2 and M2 to M3 and 
further decreased in isolated strains which represent the occurrence 
of stability in mutated genotype from Mi to M3 generation and in the 
isolated mutants of both the varieties of Viciafaba L. 
Therefore, on the basis of present findings it is suggested and concluded 
that the mutants isolated in Viciafaba L. will have much importance in its 
improvement. The over all performance of the isolated mutants in general and 
alterations for yield contributing characters in particular is worth to be 
maintained. The mutant lines are under evaluation for stability of yield and 
yield contributing parameters and after their test and positive performance they 
may be recommended for multiplication and further use. 
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Plate LC 
'ig.508 a) Contnil seeds, b) Mutant seeds ot~ Minor-M, mutant seeds were 
hold with peculiar sculptures on seed coat. 
Mg.509 a) Control seeds, b) Mutant seeds of Minor-N. mutant seeds were 
bold. 
'ig.510 a) Control seeds, b) Mutant seeds of Minor-0, mutant seeds were 
bold. 
Plate LXXXIX 
Plate LXXXIX 
Fig.505 a) Control seeds, b) Mutant seeds of Minor-.!, mutant seeds were 
bold with greenish seed coat. 
Fig.506 a) Control seeds, b) Mutant seeds of Minor-K., mutant seeds were 
bold. 
Fig.507 a) Control seeds, b) Mutant seeds of Minor-L, mutant seeds were 
bold. 
Plate LXXXVIII 
Plate LXXXVIII 
Fig.502 a) Control seeds, b) Mutant seeds of Minor-G, mutant seeds were 
brownish in appearance. 
Fig.503 a) Control seeds, b) Mutant seeds of Minor-H, mutant seeds were 
bold with dark structures on seed coat. 
Fig.504 a) Control seeds, b) Mutant seeds of Minor-I, mutant seeds were 
bold. 
Plate LXXXVII 
Plate LXXXVII 
Mg.499 a) Control seeds, b) Mutant seeds of Minor-D. mutant seeds were 
bold with black seed coat. 
Mg.500 a) Control seeds, b) Mutant seeds of Minor-E. mutant seeds were 
bold with peculiar structures on seed coat. 
Pig.501 a) Control seeds, b) Mutant seeds ofMinor-F. mutant seeds v.'ere 
bold with peculiar structures on seed coat. 
Plate LXXXVI 
Plates LXXXVI-LC : Seeds of var. minor (control) and 
mutants in M3 generation. 
Plate LXXXVI 
rMg.496 a) Control seeds, b) Mutant seeds of Minor-A, mutant seeds were 
bold with darkish seed coat. 
I''ig.497 a) Control seeds, b) Mutant seeds of Minor-B, mutant seeds were 
bold vvilli darkish seed coat. 
I'ig.498 a) Control seeds, b) Mutant seeds of Minor-C, mutant seeds were 
bold with green seed coat. 
Plate LXXXV 
Fig.493 a) Control pods, b) Mutant pods of Major-M. 
Fig.494 a) Control pods, b) Mutant pods of Major-N. 
Fig.495 a) Control pods, b) Mutant pods of Major-0. 
Plate LXXXV 
Plate LXXXIV 
•q-.iofej/V JO spod lUBinjA] (q 'spod [OJiuoj (c S6t7'3!J[ 
•^-.lofejAljo spod jucinj/M (q "spod [auiio^ (v, 16V^]:1 
•(•-.lolBj^jo spod iuBjn]/\j (q 'spod ioaiuo3 [n OSV'^]A 
Aixxxi n^id 
Plate LXXXIIl 
Fig.487 a) Control pods, b) Mutant pods of Major-G. 
Fig.488 a) Control pods, b) Mutant pods of Major-H. 
Fig.489 a) Control pods, b) Mutant pods of Major-I. 
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Plates XVIII-XXV, Figs. 193-282, M3 generation. 
Plate XVIII 
Fig. 193 PMC showing T ' and 3" at metaphase-I (var. minor, 0.3% EMS). 
Fig. 194 PMC showing 2'^ and 2" at metaphase-1 (var. minor, 0.03% MMS). 
Fig. 195 PMC showing l'^ and 4" at metaphase-I (var. major. 20kR gamma 
rays). 
i'ig. 196 PMC showing 1 '^ ;ind 4" at metaphase-I (var. major. 30kR gamma 
rays). 
i'ig. 197 PMC showing 2'^ ' and 2" at metaphase-I (var. minor. lOkR+0.2% 
EMS) 
Fig. 198 PMC showing l'''' and 4" at metaphasc-I (var. minor, 20kR+0.3% 
EMS). 
Fig. 199 PMC showing secondary association at metaphasc-1 (var. major, 
lOkR+0.02% MMS). 
Fig.200 PMC showing secondary association at metaphase-I (var. major, 
20kR+0.3% EMS). 
Fig.201 PMC showing l'"^  and 4" at metaphase-I (var. minor, 30kR) 
Fig.202 PMC showing stickiness of chromosomes into two groups at 
metaphase-I (var, minor, 0.3% EMS). 
Fig.203 PMC showing 1 '"^  and 4" at metaphase-I (var. major, 0.03% MMS). 
Fig.204 PMC showing l'^ and 2" at metaphase-I (var. major. lOkR+0.02% 
MMS). 
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Plate XIX 
Fig.205 PMC showing stickiness at metaphase-I (var. minor, lOkR+0.01% 
MMS). 
Fig.206 PMC slaowing stickiness at metaphase-I (var. minor, 20kR+0.02% 
MMS). 
Fig.207 PMC showing stickiness at metaphase-1 (var. major, 0.2% EMS). 
Fig.208 PMC showing stickiness at metaphase-I (var. major, 0.3% EMS). 
Fig.209 PMC showing stickiness at metaphase-I (var. minor, 0.03% MMS). 
Fig.210 PMC showing stickiness at metaphase-I (var. minor, 0.02% MMS). 
Fig.211 PMC showing one stray bivalent at metaphase-I (var. major, 
10kR+0.1%EMS). 
Fig.212 PMC showing one stray bivalent at metaphase-I (var. major, 
10kR+0.2%EMS). 
Fig.213 PMC showing stickiness at metaphase-I (var. minor, 30kR gamm.a 
rays). 
Fig.214 PMC showing fragments at metaphase-I (var. minor, 20kR gamma 
rays). 
Fig.215 PMC showing unequal separation at anaphase-I (var. major, 0.1% 
EMS). 
Fig.216 PMC showing two bridges at anaphase-1 (var. major, 0.01% MMS). 
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Plate XX 
Fig.217 PMC showing a fragment between two poles at anaphase-I (var. 
minor, 0.3% EMS). 
Fig.218 PMC showing disturbed metaphase-II (var. minor, 0.03% MMS). 
Fig.219 PMC showing stickiness at metaphase-II (var. major, lOkR+0.2% 
EMS). 
Fig.220 PMC showing fragmentation at metaphase-II (var. major, 
20kR+0.3% EMS). 
Fig.221 PMC showing secondary association oi' 6 bivalcnts (var. minor, 
0.03% MMS). 
Fig.222 PMC stickiness of chromosomes (var. major, 20kR gamma rays). 
Fig.223 PMC showing disturbed metaphase-II (var. major, lOkR+0.1% 
EMS). 
Fig.224 PMC showing bridges at telophase-I (var. major, lOkR+0.2% 
EMS). 
Fig.225 PMC showing bridges at telophase-I (var. minor, 20kR+0.3% 
EMS). 
Fig.226 PMC showing bridges at telophase-I (var. minor, 20kR-i-0.03% 
MMS). 
Fig.227 PMC showing bridges at anaphase-II (var. major, 30kR gamma 
rays). 
Fig.228 PMC showing bridges at anaphase-II (var. major, 0.03% MMS). 
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